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Preoperativ planlegging og funksjonell nevronavigasjon med funksjonell MR og 
diffusjon tensor traktografi i pasienter med hjernesvulster 
 
Funksjonell MR er en populær forkortelse på MR-teknikken Blood-Oxygenation-
Level-Dependent functional-Magnetic-Resonance-Imaging som kan brukes til å 
kartlegge hjernens grå substans. Her sitter nevronene som styrer viktige funksjoner 
som f.eks. språk, kroppsbevegelser, hukommelse og personlighet. 
 
Diffusjon tensor traktografi er en MR-teknikk som kan brukes til å framstille hjernens 
hvite substans, som er nerveledningene mellom ulike deler av grå substans i hjernen.  
 
Hos pasienter med hjernesvulster nært viktige områder i grå og hvit substans, kan man 
bruke disse teknikkene til å kartlegge hvordan disse områdene sitter i forhold til 
svulsten. Denne informasjonen kan brukes både til å planlegge inngrepet før 
operasjonen, men også til navigere og kontrollere fjerningen av svulsten under 
operasjonen. Under operasjonen gjøres dette ved å integrere bildene i et 
nevronavigasjonssystem, som er en enhet hvor man på bilde-data kan se posisjonen på 
kirurgens instrumenter i forhold til hjernen og svulsten. Disse bildedataene kan være 
tatt opp før operasjonen (f.eks. MR) eller under operasjonen (f.eks. ultralyd).  
 
Hovedfunnene i denne avhandlingen er: 
 
- for å best kartlegge det primære motoriske området bør man benytte bevegelse av 
fingre, tær og tunge under MR-undersøkelsene 
 
- for å best kartlegge det fremre språkområdet bør man benytte en oppgave hvor man 
på kommando skal generere ord, mens for det bakre språkområdet bør man benytte en 
oppgave hvor man skal finne navnet på det som blir beskrevet (f.eks. ”høy rosa fugl”) 
 
- ved å benytte en oppgave hvor man både skal løse en oppgave og produsere et svar, 
kan man kartlegge det fremre og bakre språkområdet i en og samme undersøkelse 
(f.eks. svare ”Hva er ku” på utsagnet ”Dyr som sier mø”) 
 
- ved å bruke funksjonell MR og diffusjon tensor traktografi kombinert med et 
nevronavigasjonssystem som benytter seg av oppdatert anatomisk informasjon fra 3D 
ultralyd under operasjonen, får nevrokirurgene en fordel når de opererer som 
muliggjør et kompromiss mellom å fjerne så mye svulstvev som mulig uten å 
samtidige risikere nye nevrologiske utfall 
 
 
Candidatus medicinae Erik Magnus Berntsen 
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Ovennevnte avhandling er funnet verdig til å forsvares offentlig for  
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Disputas finner sted i auditoriet på Medisinsk teknisk forskningssenter (MTFS), 
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 Sammendrag 
Blood-Oxygenation-Level-Dependent functional Magnetic-Resonance-Imaging (BOLD 
fMRI) og Diffusion Tensor Imaging (DTI) er spesialiserte MR-teknikker for avbildning 
av henholdsvis funksjonelle områder i grå substans og nevronale forbindelser i hvit 
substans. Ved å bearbeide BOLD fMRI bildene kan man kartlegge funksjonelle områder i 
hjernen og visualisere dem i form av fargekart for eksempel overlagt på anatomiske MR-
bilder. Ved å bearbeide DTI bildene med en teknikk som heter Diffusion Tensor 
Tractography (DTT) kan man kartlegge nevronale forbindelser i hjernen og visualisere 
dem som ”fiber-bunter”. Resultatet fra disse undersøkelsene kan være til hjelp ved 
planlegging og reseksjon av hjernesvulster fordi disse metodene gir informasjon om 
funksjonen i grå og hvit substans som ligger i nærheten av svulsten. Dermed kan man 
operere bort mest mulig av svulsten uten å skade disse viktige funksjonelle områdene 
under operasjonen. Slik funksjonell informasjon fra BOLD fMRI og DTT kan integreres i 
nevronavigasjons-systemer og brukes under selve operasjonen. Det overordnede målet 
med arbeidet bak denne avhandlingen har vært å utvikle, implementere og evaluere 
BOLD fMRI og DTT ved 3 Tesla for rutinemessig bruk i forbindelse med prekirurgisk 
planlegging og funksjonell nevronavigasjon kombinert med minimal invasiv 
nevrokirurgi. 
 
En første tilnærming til å utvikle BOLD fMRI oppgaver for bruk til kartlegging av 
viktige områder i hjernebarken hos pasienter er å samle inn normgivende funksjonelle 
data i friske individer. Vi undersøkte derfor et utvalg motoriske oppgaver med BOLD 
fMRI i friske forsøkspersoner, for deretter å evaluere hvilke som var best egnet for 
funksjonell kartlegging og framstilling av det primære motoriske området. Bevegelse av 
fingre, tær og tunge var de oppgavene med høyest suksses-rate i friske frivillige og viste 
seg også å fungere med like stor grad av suksses for pasienter med hjernesvulster.  
 
Vi har også undersøkt et utvalg språkoppgaver i friske forsøkspersoner for å evaluere 
reproduserbarhet og grad av lateralisering av språkaktiveringene i de enkelte oppgavene, 
for å bestemme hvilke oppgaver som er best egnet til å kartlegge de fremre og bakre 
språkområdene. Vi fant at en ordgenererings-oppgave var best egnet for kartlegging av 
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det fremre språkområdet, mens en navngivings-oppgave var best egnet for det bakre 
området. 
 
Vi har også utviklet en ny språkoppgave med potensialet for samtidig kartlegging av både 
det fremre og bakre språkområdet i en og samme undersøkelse. Denne oppgave har i 
tillegg fordelen av å være mer engasjerende å utføre, noe som kan hjelpe personen som 
utfører oppgaven til å beholde konsentrasjonen og motivasjonen gjennom hele 
undersøkelsen. 
 
Vi har også evaluert bruken av BOLD fMRI og DTT i ultralyd-veiledet funksjonell 
nevronavigasjon ved å retrospektivt gå igjennom et 3-års materiale med pasienter operert 
på denne måten. Her fant vi at fjerning av hjernesvulstvev ga en signifikant forbedring i 
klinisk status etter 3 måneder sammenlignet med før operasjonen. For gliomene fant vi et 
gjennomsnittelig gjenværende svulst volum på 11% etter operasjonen. Vi fant også en 
signifikant korrelasjon mellom avtagende avstand mellom tumor og funksjonelt område 
og økende gjenværende svulstvolum etter operasjonen. Dette tyder på at operasjonene er 
gjennomført som et kompromiss mellom å fjerne så mye svulstvev som mulig uten å 
samtidige risikere nye nevrologiske utfall. Det var imidlertid noen pasienter med avstand 
mellom tumor og funksjonelt område på mindre enn 2 mm som ble radikalt operert uten 
nye nevrologiske utfall etter operasjonen. Dette tyder på at funksjonell nevronavigasjon 
med oppdatert anatomisk informasjon fra 3D ultralyd under operasjonen gir 
nevrokirurgene en fordel når de opererer, samt muliggjør så mye fjerning av svulsten som 
mulig uten å påføre nye nevrologiske utfall.  
 
Utfordringene i den videre bruken av disse teknikkene består i å etablere standardiserte 
oppgaver og analyser for tolkning av disse undersøkelsene, samt å planlegge og utføre 
kontrollerte kliniske forsøk, enten i form av prospektive oppfølgings studier eller 
randomiserte studier, for å evaluere effekten av prekirurgisk BOLD fMRI og DTT på 
morbiditet og mortalitet i pasienter med hjernelesjoner.  
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Summary 
Blood-Oxygenation-Level-Dependent functional Magnetic-Resonance-Imaging (BOLD 
fMRI) and Diffusion Tensor Imaging (DTI) are specialized MRI-techniques for imaging 
of eloquent cortices and neural tracts in gray and white matter, respectively. By 
processing of the BOLD fMRI images, it is possible to map eloquent cortices and 
visualize them as statistical parametric color coded maps to be overlain on for instance 
anatomical MRI-images. Processing of the DTI images using a technique called 
Diffusion Tensor Tractography (DTT), makes it possible to map important neural tracts 
and visualize them as fiber bundles. The results from these examinations may be helpful 
during planning and resection of brain lesions, by providing information on functional 
eloquent cortices and important white matter tracts in close proximity to the lesion, as the 
goal of surgery is to maximize resection without inflicting new neurological deficits. This 
functional information may also be incorporated into neuronavigation systems and 
utilized during surgery. The overall aim of this thesis was to develop, implement, and 
evaluate BOLD fMRI and DTT at 3 Tesla for routine use in preoperative planning and 
3D ultrasound-guided functional neuronavigation combined with minimal invasive 
neurosurgery. 
 
Obtaining normative functional data in healthy subjects is a first step in the development 
of clinical useful tasks. Thus, we investigated different motor tasks in a group of healthy 
subjects to evaluate which combination was best suited for functional mapping and 
delineation of the primary motor cortex. Movement of fingers, toes, and tongue yielded 
the highest success rates in healthy subjects and proved equally successful in patients 
with brain lesions. 
 
We also investigated a set of language tasks and the reproducibility of the activation size 
and location for these. We found that a word-generation task and a responsive naming 
task should be preferred for mapping of the frontal and temporal language area, 
respectively.  
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A novel language task with the potential to map both the frontal and temporal language 
areas was also established. This task has the advantage of being more engaging, which 
may help the subjects to maintain concentration and stay motivated throughout the 
scanning session.  
 
We have also evaluated the use of BOLD fMRI and DTT in 3D ultrasound-guided 
functional neuronavigation by retrospectively reviewing patients operated during a three-
year period. We found that surgery gave an overall significant improvement in clinical 
status compared to preoperatively, and for gliomas we found a median residual tumor 
volume of 11%. We also found a significant correlation between decreasing lesion-to-
eloquent-area distance and increasing residual tumor percentage in gliomas, indicating 
that the resections were performed as a compromise between removing as much tumor 
tissue as possible without jeopardizing eloquent areas. Furthermore, some glioma patients 
with lesion-to-eloquent-area distance less than 2 mm also had radical resections without 
post-operative neurological deficits. Thus indicating that guided functional 
neuronavigation with updated anatomical information using 3D ultrasound gives the 
surgeon an advantage when resecting brain lesions, as well as facilitates maximal tumor 
resection with minimal deficit. 
 
The challenges ahead lie in establishing standardized tasks and analysis for processing of 
these investigations, as well as carrying out prospective outcome studies or clinical 
randomized trials in order to produce evidence for effect of presurgical BOLD fMRI and 
DTT on morbidity and mortality in patients with brain lesions.  
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1. Introduction 
Magnetic Resonance Imaging (MRI) is today a key stone in imaging and differentiation 
of intra-cranial soft tissue masses with a high degree of anatomical detail, thus offering 
valuable information prior to neurosurgery. The last two decades has conceived 
additional MRI-techniques such as Blood-Oxygenation-Level-Dependent functional-MRI 
(BOLD fMRI) which may be used for mapping of eloquent cortices visualized using 
color-coded statistical parametric maps overlaid on for instance the anatomical images of 
the brain. Another novel MRI-technique is Diffusion Tensor Imaging (DTI) which may 
be used for mapping of neural tracts in the white matter, which through an analysis called 
Diffusion Tensor Tractography (DTT) can visualize the neural tracts as three-dimensional 
fiber bundles. Together with conventional anatomical imaging, functional imaging with 
BOLD fMRI and DTT may be helpful during planning and resection of brain lesions, as 
the goal of neurosurgery is to maximize resection without inflicting new neurological 
deficits. This functional information from the MRI images may also be incorporated into 
neuronavigation systems and utilized during surgery, thus named functional 
neuronavigation. Preoperative mapping and functional neuronavigation during 
neurosurgery are currently the best-established clinical application of BOLD fMRI and 
DTT [1]. The overall aim of this thesis was to develop, implement, and evaluate BOLD 
fMRI and DTT at 3 Tesla for routine use in preoperative planning and 3D ultrasound-
guided functional neuronavigation combined with minimal invasive neurosurgery. 
 
 
1.1 Magnetic Resonance Imaging 
The following chapter will give a qualitative description of MRI, while the subsequent 
chapters will describe the basics of fMRI and DTI in more detail. For a more thorough 
description of the theoretical basis of MRI the book “MRI – The Basics” by Hashemi, 
Bradley and Lisanti is recommended [2]. 
 
MRI is an imaging technique able to depict inner organs of the human body based on the 
physical properties of unpaired atomic nuclei. As the two major components of the 
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human body, water and fat, are abundant with hydrogen atoms (1
 
H), this is the nuclei 
most commonly used for medical imaging. By placing the hydrogen atoms in a large 
static magnetic field and manipulate them with electromagnetic fields, one is able to 
derive information about tissue properties at specific spatial localizations and thereby 
produce images of the organ examined. Different tissue properties may be derived and 
used for image production. The static magnetic field is typically 1.5 Tesla, 30.000 times 
earth’s magnetic field, and the electromagnetic field is then 63.87 megahertz. The first 
MRI-image of in vivo human anatomy was acquired in 1977 by sir Peter Mansfield and 
Andrew A. Maudsley and was a cross section through Maudley’s finger revealing 
“considerable anatomical detail, particularly of the soft tissue regions” taking 23 minutes 
to produce [3]. 
In clinical practice today, MRI is primarily used to identify tissue pathology in a range of 
disease processes, especially in the central nervous system and soft tissues using a variety 
of structural imaging techniques. Other MRI techniques depicting tissue function and 
metabolism are, however, rapidly evolving and increasingly used in the clinic. 
 
 
1.2 Blood-Oxygenation-Level-Dependent fMRI 
Blood-Oxygenation-Level-Dependent fMRI, hereafter referred to as fMRI, is a 
specialized MRI-technique using a T2
 
*-weighted gradient echo sequence. The basis for 
this technique was first reported by Ogawa et al. in 1990. They discovered that this 
special MRI-sequence was sensitive to changes in the concentration of de-oxygenated 
hemoglobin (deoxy-Hb) in blood [4]. Furthermore, they reported signal changes around 
the vessels in the rat brain at different levels of blood oxygenation, and based on this 
suggested that this sequence could be used to study regional brain activity, similar to 
Positron Emission Tomography (PET) [5]. These discoveries were the foundation for 
functional neuroimaging with fMRI and in 1992 three separate groups published 
functional studies with fMRI in humans [6-8]. 
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The physical basis for the BOLD signal lay in the physical properties of deoxy-Hb, being 
paramagnetic, and thus having the ability to influence the MRI signal [4, 9]. Changes in 
the level of deoxy-Hb compared to oxy-Hb will therefore give a variation in the measured 
MRI signal, known as the BOLD signal [5].  The neurophysiological basis for the BOLD 
signal lay in changes of blood flow, volume, and level of oxygenation following neuronal 
activity, the so-called neurovascular coupling [10]. The complex mechanism of this 
neurovascular coupling is not fully understood and several models are proposed, but none 
of these fully explain all aspects of the biophysics giving rise to the BOLD signal [11, 
12]. The most intuitive and simplified explanation is that local neuronal activity requires 
an increased local metabolism with an increased need for glucose and oxygen [13]. This 
is achieved by a local increase in blood flow and concomitant increase in blood volume, 
supplying the extra glucose and oxygenated hemoglobin (oxy-Hb) needed. The amount of 
oxy-Hb delivered is, however, greater than the amount of oxygen extracted, giving a 
paradoxical local increase in oxy-Hb and thus a local decrease in the concentration of 
deoxy-Hb. Even though the neurovascular coupling is not understood in detail, it has 
been shown that fMRI activations do reflect increase in neural activity and mostly the 
input and intra-cortical processing in a given cortical area [14, 15]. Furthermore, it has 
been shown that fMRI has good concordance with other brain mapping techniques such 
as intraoperative motor evoked potentials and intraoperative electrocortical mapping [16-
19]. 
 
While fMRI has been an invaluable research tool to non-invasively study the brain at 
work at high spatial resolutions in healthy human brains, its primetime in clinical practice 
is yet to come. The use of fMRI in clinical research has been applied to some extent in 
different patients groups to better understand recovery of stroke, progression of multiple 
sclerosis, Parkinson’s and Alzheimer’s disease, as well as schizophrenia, bipolar disorder, 
attention deficit disorder, depression and obsessive compulsive disorder [20]. Some of 
the earliest examples of fMRI used in clinical practice is for preoperative mapping prior 
to surgery of epileptic foci, neoplastic brain tumors and arteriovenous malformations 
(AVMs) [21-23]. Other areas of clinical use have also been explored, such as imaging of 
auditory cortex prior to cochlear implantation [24, 25]. 
14 
 
1.2.1 fMRI in practice and methodological considerations 
An fMRI investigation consist of several steps, starting with a subject lying inside an 
MRI-scanner performing a particular task at given times, while MRI-images are acquired. 
After scanning these images need to be pre-processed before statistical analysis is 
performed, in order to produce color-coded statistical parametric activation maps. 
Thereafter, these activation maps need to be interpreted. Obviously the process from 
image acquisition to interpreted functional maps consists of several steps each vulnerable 
to different sources of error. Thus, expertise in fMRI acquisition, analysis and functional 
neuroanatomy is required to performed these investigations accurately [26]. 
 
The T2
 
*-weight sequence used for fMRI is very sensitive to inhomogeneities in the 
magnetic field, giving signal distortions. This is especially a problem in regions where 
there is crossing between tissues (e.g. air filled sinuses) and metal shavings from prior 
operations [27]. There exists strategies for overcoming these problems, e.g. alternative 
MRI-sequences, such as spin echo BOLD fMRI or arterial spin labeling, and also 
methods for mapping of B0-field variations to warp distortions after acquisition [28]. The 
extent of these inhomogeneities varies with the strength of the static magnetic field, 
which also affects the BOLD signal. It has been shown that an increased proportion of the 
BOLD signal arises from the brain tissue (and thus the active neurons) rather than 
draining veins at higher field strengths [29]. Furthermore, the contrast-to-noise also 
increases with higher field strength, giving a stronger BOLD signal [29].  
The task itself is usually presented visually either through MRI-compatible goggles or by 
using a liquid crystal display (LCD) located behind the scanner opening and viewed via a 
mirror mounted on the head coil. The task is traditionally presented as a block design, 
event-related design or as resting-state experiment. In a block design the task is usually 
presented in blocks between 15-30 seconds interleaved with equally long or longer blocks 
of rest, e.g. 4 blocks of 30 seconds with finger movement interleaved with 5 blocks of 30 
seconds of rest. In an event-related design the task will be presented for a briefer period 
of time at random intervals, e.g. usually 30 or more events lasting from under a second to 
10-15 seconds randomly presented with periods of rest with longer duration, usually 5-30 
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seconds. In both the block-design and event-related-design the analysis is based on 
convolving the hemodynamic response function (see later) with the signal in the periods 
of activity. For resting state fMRI, however, there is no task or stimuli to respond to. For 
these experiments one is interested in spontaneous fluctuations of the BOLD signal in a 
low-frequency range (< 0.1 Hz), which are proposed to represent spontaneous neuronal 
activity and used for functional connectivity analysis [30]. For clinical purposes, such as 
preoperative mapping, block-design is most often chosen as it yields strong and robust 
activations.  The specific task(s) the subject is to perform depends on the cortical area to 
be mapped. In presurgical planning the most frequently used paradigms are different 
motor and language tasks. For motor tasks the subjects are instructed to do for instance 
finger-tapping when a finger is presented on the screen. For language tasks the subjects 
are instructed to do for example word generation covertly without moving the tongue or 
mouth when a letter is presented. Covert language generation is done in order to avoid 
artifacts related to movement and also due to differences in the amount of air in the 
mouth in relation to vocalization. 
  
It is important that the subjects undergoing the fMRI investigation are able to perform the 
given task, i.e. that he/she performs the task at the right time so the statistical analysis has 
the correct contrast when analyzing. This may be controlled fairly well by observing the 
subject if a motor task is performed, or by using some sort of response to indicate start or 
end of task performance within each block. However, controlling a covertly executed 
language task is more difficult. One possibility is to ask the patients afterwards how it 
went and also to perform the task again outside the scanner to get an impression of 
performance, but such post-scanning evaluations will be subjective and may be biased. 
Another possibility is to have the subjects pushing a response button each time they solve 
the task (i.e. produce a new word). This will, however, make the task much harder to 
perform, and recruit both motor cortex and cortical areas for dual tasking in addition to 
the language cortex, making the analysis and interpretation of activation maps much 
more complicated [31]. This exemplifies that for some fMRI investigations it is difficult 
to know with absolute certainty how well the task was performed. It is also important that 
the subject is able to lie still when solving the task, as movement of the head during 
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scanning gives rise to signal distortions. This is usually solved to a certain degree with 
physical constraints of the head. The ability to correctly perform the task solving with the 
head still are factors that may vary with age, cognitive function and intracranial 
pathology in the subjects. These factors are therefore important to consider when 
performing an fMRI investigation in order to pick the paradigms best suited to delineate 
the cortical regions close to the lesion and at the same time ensure patient compliance.  
 
After image acquisition the fMRI data has to be pre-processed to correct for head 
movement during scanning and remove cardio-respiratory artifacts and other cyclical 
related noise. These pre-processing steps have many variables which may provide 
different results if adjusted. Furthermore, preprocessing is heavily dependent on the 
algorithms used, which may differ slightly between the different software packages, 
exemplifying the lack of standardized pre-processing methods for fMRI data [32]. In 
order to anatomically localize the eloquent cortex mapped with fMRI, the functional 
images have to be co-registered to anatomical images, which have greater anatomical 
detail. This procedure is usually partial automatic and partial manual. In the current work, 
where fMRI images where to be overlain on each individual’s anatomical scan for export 
into the neuronavigation system, careful registration between the fMRI and anatomical 
T1 weighted  images is of vital importance. In order to ensure the best possible fit a 
manual procedure was used and followed the automatic alignment. This manual 
procedure consisted of careful inspection of the proposed automatic alignment at several 
different anatomical localizations and if necessary fine tune the alignment manually, thus 
making the co-registration user dependent. As the functional images and anatomical 
images are not identical, there will always be some discrepancy between them. The user 
can, however, ensure as good as possible co-registration within the regions of interest, 
being the areas with anticipated activations for the function investigated. After co-
registration, statistical analysis has to be applied in order to identify activated brain areas. 
This is done using assumptions about temporal properties of the BOLD signal, the so-
called hemodynamic response function, which may be modeled according to different 
functions, for instance by either a single gamma or a double gamma function [33, 34]. 
For visualization of activity, statistical activation maps is then calculated using the 
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General Linear Model with conditions modeled according the (block) paradigm, and 
convolved with the hemodynamic response function [35]. These activation maps then 
represent brain-activity which subsequently needs to be thresholded statistically and their 
functional significance interpreted.  
 
There is no consensus on how to threshold statistical parametric activation maps for 
fMRI investigations, except that there is a general agreement that some kind of correction 
for multiple comparison should be performed, especially when analyzing group studies. 
Some fMRI studies use anatomical defined regions of interest to limit the area of interest 
when analyzing the data, e.g. functional studies of the hippocampus [36]. Furthermore, 
many studies evaluating and comparing different fMRI tasks use such regions of interest 
based on anatomical landmarks or Brodmann’s or other maps of cytoarchitecture [37, 
38]. For presurgical mapping, however, the statistical activation maps are individually 
thresholded for each subject and each task, in order to produce activation maps 
unequivocally delineating the cortical area of interest. This is a pragmatic way of 
analyzing fMRI for presurgical mapping. Another issue is that fMRI investigations do not 
necessarily differentiate between essential and participating brain areas unless the task 
has been specifically designed to do so [39, 40]. Thus, single subject fMRI analysis for 
presurgical mapping is inherently a user dependent process, heavily dependent on the 
user’s competence, comprehension of functional neuroanatomy and interpretation of the 
activations.   
 
As stated previously, there are no standardized tasks, scanning procedures, administration 
of tasks, pre-processing or interpretation of activations for clinical applications of fMRI, 
something that is desirable and needed in order to obtain objective and comparative 
information between the centers engaged in this activity [40]. This is one of the main 
challenges for clinical fMRI in the future. 
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1.3 Diffusion Tensor Imaging and Tractography   
Diffusion Tensor Imaging (DTI) is developed from Diffusion Weighted Imaging which 
uses a spin-echo sequence combined with two gradient pulses, depending on the ability of 
water molecules in tissue to diffuse randomly, i.e. Brownian motion [41]. When applying 
the diffusion gradients, water molecules, which have moved in a direction along the 
gradient, will give rise to signal loss. When applying the diffusion gradients in the X, Y 
and Z direction, diffusion weighted images can be made representing diffusion in a given 
voxel. DTI is an advanced form of diffusion weighted imaging, where the gradients are 
applied in at least three more directions (combinations of the X, Y and Z direction), 
making it possible to create a mathematical model of diffusion in three-dimensional 
space, known as the diffusion tensor [42]. From this diffusion tensor it is possible to 
calculate the direction of maximum diffusivity, which has been shown to coincide with 
the fiber orientation in the white matter of the brain [43]. The more directions the 
gradients are applied in, the more accurate the estimate of the tensor becomes. At least 
six directions are needed to accurately describe the tensor. Thus, by using DTI it is 
possible to map the anatomical location of neural tracts in the brain, e.g. the corticospinal 
tracts, the optic radiations of the optic tract, and the arcuate fasciculus [41, 42, 44].  
 
Several different parameters can be derived from the DTI images, such as maps of 
fractional anisotropy (FA maps) which is a measure of the magnitude of anisotropic 
diffusion ranging from 0 (isotropic diffusion i.e. non-directional) to 1 (anisotropic 
diffusion i.e. strongly directional) [45]. Another frequently derived property of DTI is the 
direction of maximum diffusivity modulated with the FA-value and represented as color 
coded maps, thus representing both the magnitude and direction of diffusion [46]. The 
accepted convention for color coding is with blue representing the superior/inferior 
direction, red the left/right direction, and green the anterior/posterior direction. A third 
way of presenting the DTI images is through fiber tracking or tractography, which is a 
visualization technique for neural tracts in three dimensions [42, 47, 48]. These three-
dimensional tracts are constructed based on different algorithms such as the TENsor 
Deflection (TEND) algorithm or the Fiber Assignment by Continuous Tracking (FACT) 
algorithm [49, 50]. By using such algorithms one is able to calculate which voxels in the 
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different sequential slices that are connected with each other based on the diffusion 
tensor. These algorithms automatically suggest tracts which have to be virtually dissected 
using a region-of-interest tool to produce plausible tracts. Thus, if the corticospinal tracts 
are to be visualized one has to postulate that this tract runs through the posterior limb of 
the internal capsule and the precentral gyrus. 
 
DTI and DTT are the only non-invasive methods of detecting and visualizing white 
matter tracts in vivo, thus having a great potential for both clinical research and practice. 
Some of the areas where DTI, and properties derived from DTI, have been used, are in 
studies of brain development, schizophrenia, Alzheimer’s disease, epilepsy and for 
neurosurgical planning [51].  
 
1.3.1 DTI and DTT in practice and methodological considerations 
A DTI investigation consists of several steps, but unlike fMRI the subject being scanned 
is not required to perform a task and thus only needs to lie still, while the images are 
being acquired. After scanning the images has to be processed using different algorithms 
before tractography is performed as a final step. 
 
The MRI-sequence used for DTI is even more sensitive to inhomogeneities of the 
magnetic field and head-movement than the sequence used for fMRI, causing greater 
distortions of the signal. Thus the importance of minimizing the head movement becomes 
even more important and cardiac gated synchronization of scan acquisition has been 
demonstrated useful in order to minimize brain pulsations following cardiac beats [52].  
 
A fundamental problem for DTT is the lack of an in vivo gold standard for tractography, 
thus making it difficult to validate the different algorithms as well as the method itself. It 
has however been shown that DTT has good concordance with intraoperative subcortical 
mapping [53-56]. Furthermore, DTT processing consists of several steps with the 
potential of introducing error(s). For example, the user has to choose limit values for 
fractional anisotropy and maximum allowed angulations of tracts for use in the tracking 
20 
 
algorithms. White matter regions where there are several fiber bundles with different 
orientations or where they “kiss”, cross, merge or diverge, are particularly troublesome 
for the tracking algorithms. In such regions the algorithm can either not track the fiber 
bundles present or track pathways that do not exist [47, 57]. Similar problems arise in the 
presence of tumor and edema, but here some of these problems have been overcome 
using novel tracking algorithms or more advanced processing procedures [58, 59]. 
Nevertheless, the suggested tracts have to be manually and individually processed with a 
region-of-interest tool to virtually dissect plausible tracts of interest, by choosing 
anatomical localization these tracts are known to run within. If one is to visualize for 
example the corticospinal tracts, some potential region-of-interests to use are the cerebral 
peduncles, posterior limb of the internal capsule, and the superior part of the precentral 
gyrus.  This process heavily depends on the user performing the tractography where 
detailed knowledge of neuroanatomy is a prerequisite, thus making also DTT a user 
dependent process. 
 
 
1.4 Functional Brain Mapping in Neurosurgery 
The goal of neurosurgery in lesions located in or near eloquent cortex is to maximize 
resection without inflicting new neurological deficits, posing a difficult challenge even 
for experienced neurosurgeons. There is growing evidence that more extensive surgical 
resection is correlated to prolonged survival for both low- and high-grade gliomas and the 
National Comprehensive Cancer Network has acknowledged this in the recent guidelines 
[60, 61]. Therefore, accurate localization of eloquent cortices, as well as the white matter 
tracts connected to these areas, is an essential adjunct to successful surgical excision in 
these patients. Functional mapping of the brain has, however, been pursued for decades 
and with the advent of new imaging techniques new ways of functional mapping has 
arisen. In the 1930s Otfrid Forster used electrical probes to map the motor cortex of 
awake patients undergoing brain surgery [62]. This work was continued by Wilder G. 
Penfield in collaboration with Theodore B. Rasmussen, who mapped different cortical 
areas during surgery, i.e. motor and language cortices, in awake patients [63]. This 
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method of direct electrocortical stimulation has been the gold standard for functional 
brain mapping, but it requires large craniotomies and is limited by the difficulty of 
examining in the sulcal depths and deep structures, and thus alternative mapping 
techniques have been sought [39]. The Wada test, which is an injection of sodium amytal 
in the internal carotid artery leading to temporarily anesthetizing of one hemisphere, has 
been used for determine lateralization of language and memory in epilepsy patients prior 
to lobectomy [64]. The drawback with this test is its invasive nature of the combined with 
the limited spatial resolution, being hemispherical. Furthermore, the procedure is 
cumbersome to repeat and fraught with the risk of stroke [39]. Thus non-invasive 
techniques have been pursued and with the advent of positron emission tomographic 
(PET) imaging, detecting local increase in blood flow or cerebral metabolism during task 
performance using radioisotopes, one was able to preoperatively depict functional 
cortices and their relation to brain lesions with relatively high temporal resolution [65, 
66]. With the development of BOLD fMRI in the 1990s, preoperative functional mapping 
become easier accessible, as these investigations could be performed in regular MRI-
scanners, facilitating its use. Furthermore, fMRI is even less invasive than PET, as no 
injection of radioisotopes is needed, and provides even better temporal and more 
importantly spatial resolution. A drawback with both PET and fMRI is that they do not 
differentiate between essential and participating brain areas when performing a task [39, 
40]. This may, however, be accomplished with transcranial magnetic stimulation (TMS), 
a technique where a magnetic field is transmitted through the skull inducing an electric 
current within the cortex leading to activation or inhibition of the underlying cortical 
area, depending on the frequency used [67]. By applying TMS to the primary motor 
cortex movements will be produced, thus identifying the cortex activated as essential for 
production of movements. Similarly, TMS may be applied to language cortex and 
through inhibition produce temporary aphasia and identify cortices essential for language 
production. TMS may be especially useful in cases where it is not possible to perform 
fMRI but also in cases where the fMRI investigations are inconclusive [68]. The 
usefulness of TMS for functional mapping has been demonstrated in brain tumor patients, 
preoperative TMS has been integrated into neuronavigation systems, and clinical 
experience with it is emerging [68-70]. 
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1.4.1 fMRI, DTI and DTT in Preoperative Planning 
One of the first papers reporting the use of fMRI in a patient population is the one of Jack 
et al. in 1994, where they used both fMRI and invasive cortical mapping to map the 
motor cortex of two patients having epileptic seizures, due to neoplastic brain tumors 
located in close proximity to the primary motor cortex [21]. They found a correlation 
between the two techniques, and suggested that preoperative mapping was a potentially 
useful clinical application of fMRI. This was followed shortly thereafter by Morris et al. 
in 1994, who mapped the language and motor areas of three patients with epilepsy 
syndromes [23]. In 1995 Latchaw et al. demonstrated the same in patients with AVMs 
[22]. Following these reports, there was a dramatic increase in the use of fMRI in 
preoperative planning before neurosurgical procedures, focusing mostly on motor and 
language functions [71]. 
 
In 2002 Witwer et al. demonstrated the use of DTI in nine patients with neoplastic brain 
tumors [72]. Same year Mori et al. presented the use of DTT to visualize neural fiber 
tracts in close proximity to neoplastic brain tumors in two patients, and in 2004 Yamada 
et al. demonstrated DTT in a patient with an AVM [73, 74]. These reports have been 
followed by studies demonstrating the technique in larger number of  patients both with 
neoplastic brain tumors and AVMs [75-79]. 
 
Since the brain consists of both white and grey matter, fMRI and DTI can together 
provide valuable information prior to neurosurgery. Combined, both techniques provide 
additional information for the surgeon in the preoperative planning of the neurosurgical 
procedure [40]. Some studies have investigated the combination of fMRI and DTI prior 
to neurosurgery. In 2004 Ulmer et al. demonstrated that twice as many functional systems 
were localized within 5 mm of the tumor borders when DTI and fMRI were combined 
compared to fMRI alone in 28 patients [80]. The functional systems taken into 
consideration were language, speech, vision, motor and pre-motor functions. 
Furthermore, only one out of the 24 operated patients (4%) encountered unplanned 
surgically-induced deficit. The study of Hendler et al. from 2003 based on 20 patients 
with brain lesions made use of  fMRI, DTI and DTT, concluding that the combination of  
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fMRI and DTI provided valuable information that could not be extracted using either 
method alone [81]. Furthermore, the use of DTT seemed crucial and invaluable for 
visualization and understanding the complicated spatial relationship between the lesion, 
gray matter, and white matter fiber bundles. 
 
1.4.2  fMRI, DTI and DTT in Functional Neuronavigation 
During the last two decades several neuronavigation systems for performing frameless 
stereotactic neurosurgery have been developed, where anatomical data can be used 
intraoperatively to navigate in the brain during surgery [82-86]. Thus the need for 
integration of functional information from fMRI and DTI into the navigation systems has 
emerged, in order to take advantage of this functional information also during surgery. 
Given the functional nature of the information this has been named functional 
neuronavigation. Some of the first papers on functional neuronavigation are the ones of 
Malidjan et al. and Shulder et al. in 1997, where they integrated fMRI into a 
neuronavigation system, allowing functional identification of eloquent cortex [87, 88]. 
This was followed by several others in the years to come, either in larger number of 
patients or combined with other mapping techniques such as direct cortical stimulation 
[89, 90]. The information from DTI and DTT has also been integrated into such 
neuronavigation systems, as demonstrated by Nimsky et al. in 2005, where fiber tract 
data from patients with brain lesions were reliably integrated into the navigation system 
[91, 92]. As a natural consequence, integration of combined fMRI and DTT images into 
neuronavigation systems has been demonstrated and used for functional neuronavigation 
[93, 94] 
 
There have been a number of clinical papers suggesting that the additional information 
provided by functional imaging (fMRI and/or DTT) is highly valuable and enables safe 
resection [19, 73, 77, 79, 95-99], especially when incorporated into a neuronavigation 
system [91, 94, 100-103]. In previous studies, either integrating fMRI data into 
neuronavigation systems [103, 104] or based on clinical demonstration of fMRI data and 
structural pathology [97, 105] a minimal distance between 5 to 15 mm for feasible 
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surgical resection has been suggested. A few papers have also focused on functional 
navigation using intraoperative 3D ultrasound for intraoperative guidance as well as 
correction of brain shift [93, 106]. To our knowledge only one prospective randomized 
trial examining the clinical impact of DTI-data on degree of tumor resection, clinical 
outcome and survival has been published. Wu and colleagues demonstrated that high-
grade glioma patients benefit both in terms of increased tumor resection, improved 
postoperative outcome and time of survival when DTI-data was used to navigate during 
surgery, compared to those operated with conventional neuronavigation [107]. This is 
supported by other non-randomized uncontrolled studies [101, 102]. 
 
1.4.3 Considerations regarding Functional Neuronavigation 
A big challenge for navigation based on preoperative images is the presence of brain shift 
during surgery [93, 108]. The extent of brain shift for white matter tracts in patients 
undergoing tumor resection has been shown to vary from an inward shift of 8 mm to an 
outward shift of 15 mm, and this shift  needs to be compensated for throughout the 
operation [109]. Brain shift correction can be done mentally (i.e. in the surgeons mind), 
manually (i.e. landmark tracking) or preferably automatically as the shift may be non-
uniform and difficult to predict. Several methods have been suggested, such as 
intraoperative MRI [110] and 3D ultrasound [106]. Our group has previously shown that 
it is feasible to update MRI data correcting for brain-shift using automatic co-registration 
of preoperative MRI with intra-operative ultrasound [93]. Kamada et al. demonstrated in 
2005 the use of white matter stimulation for real-time reliable white matter mapping, thus 
adjusting any brain shift discrepancy between preoperative DTT and shifted positions of 
brain structures [55, 110]. Another suggested solution is to use intraoperative MRI to 
acquire new anatomical and DTI images during surgery, when a marked brain shift 
necessitates updating the neuronavigation system [109, 111]. Intraoperative MRI does, 
however, require an MRI-compatible operating theatre and equipment, which is not 
needed for the ultrasound-based navigation system.  
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The navigation accuracy of the neuronavigation system is another potential source of 
error as there may be a registration error between the patient and the images. This has, 
however, been evaluated to be below 2 mm for the neuronavigation system used at St. 
Olavs Hospital [112].  
 
Even though the literature is full of illustrative case reports and studies demonstrating the 
usefulness of fMRI and DTT before and during neurosurgery, the two techniques have 
not yet reached the status of full clinical acceptance. There are two main reasons for this. 
Firstly, there is no consensus as to standardization of image acquisition, pre-processing, 
post-processing or interpretation of the statistical activation maps [40].  Secondly, there  
is to our knowledge only one prospective randomized trial or outcome study that 
definitively shows benefits to the final outcome, such as improved neurological status or 
survival of the patient, when applying fMRI and DTT preoperatively [113]. In spite of 
this, fMRI and DTT have gained wide popularity, probably due to the promising 
prospects of further development and the usefulness of knowing where the functional 
cortices and their white matter connections are located.  
 
It is, however, important to remember that such imaging techniques is an helpful adjunct 
to the neurosurgeons toolbox and that good resection of pathological lesions eventually 
will depend on the operating surgeon, thus neurosurgical skill will be the determining 
factor in the end [114].  
 
 
26 
 
2. Aims  
The overall aim of the work in this thesis was to develop, implement, and evaluate fMRI 
and DTT at 3 Tesla for routine use in preoperative planning and functional 
neuronavigation during 3D ultrasound guided minimal invasive neurosurgery. The 
overall hypothesis is that information yielded by combining these techniques will 
improve the planning of the surgical intervention, lead to a more radical resection and at 
the same time avoid damaging important eloquent cortices and neural fiber tracts during 
surgery. If accomplished, post-surgical morbidity such as severe functional impairments 
and neurological deficits may be avoided. Furthermore, the combination of these 
techniques also holds the potential of reducing time spent in the operating theater, as it 
facilitates the identification of eloquent brain areas and safe resection of the brain lesions. 
 
The aim of the first paper was to demonstrate the usefulness of fMRI and DTT together 
with intra-operative imaging techniques in an illustrative patient with an AVM harbored 
in the middle part of the primary motor cortex close to the finger area. 
 
The aims of the second and third paper was to establish robust motor and language tasks, 
respectively, for precise and reproducible mapping of motor and language areas at 3 
Tesla, for use in preoperative planning and functional neuronavigation. 
 
The aim of the fourth paper was to develop a new more engaging language task that was 
able to produce robust activations in both frontal and temporal language areas for 
mapping of language areas and determination of hemispheric language dominance. 
 
The aims of the fifth and sixth paper were to assess the use of presurgical mapping and 
functional neuronavigation in the clinic. This was done by investigating the extent of 
tumor resection, distance between lesions and eloquent areas, impact on patients overall 
clinical and neurological status before and after surgery, and the practical usefulness of 
fMRI and DTT integrated into a 3D ultrasound-based intra-operative imaging navigation 
system. 
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3. Materials and Methods 
3.1 Participants and Patient Populations 
The healthy volunteers in the different papers are subjects recruited from NTNU campus 
or people employed at NTNU or St. Olavs Hospital. They all gave their written informed 
consent after the procedures had been carefully explained and had the opportunity to ask 
questions. All subjects were given the choice to withdraw from the studies at any time. 
 
The patients in the different papers are all neurosurgical patients referred to preoperative 
mapping with fMRI and DTT at St. Olavs Hospital in the period between October 2004 
and March 2007. All imaging of patients was done clinically as a part of the surgical 
procedures.  
 
3.2 Ethical Approval  
All studies were approved by the local ethical committee for clinical research and 
adhered to the Declaration of Helsinki. Storage of data was approved by the Norwegian 
Social Science Data Services.  
 
 
3.3 MRI Scanning 
Both functional and structural MRI scanning was performed on an Intera 3 Tesla MRI 
Scanner (Philips Medical, Best, the Netherlands), with a Quasar Dual gradient system 
yielding a maximum of 80 mT/m and a SENSE head coil using parallel imaging (MRI 
Devices/InVivo, Orlando, Florida, USA). Preceding anatomical and functional scans, 
scout imaging with nine images in three orthogonal planes was performed for planning of 
plane orientation, followed by a SENSitivity Encoding (SENSE) head-coil calibration 
scan. 
 
Anatomical images were acquired using a whole brain three-dimensional T1-weigthed 
Magnetization-Prepared Rapid Gradient Echo sequence (MPRAGE) [115]. For scanning 
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of healthy subjects in the different studies a transversal sequence consisting of 182 slices, 
each 1.20 mm thick, was used. For scanning of patients with brain lesions, an isotropic 
1.00 mm3
 
 transversal sequence consisting of 180 slices was used, due to prerequisites  of 
the functional neuronavigation system used [83].  
fMRI images in all studies were acquired using a single shot echo-planar-imaging (EPI) 
sequence, with the following scan parameters in common: TR = 3000 ms, flip angle = 
90º, TE = 35 ms, and SENSE-factor varying between 2.0 and 2.2. Preceding each 
functional scan four dummy scans for magnetization stabilization were acquired and 
discarded before analysis. We aimed at using relatively thin slices and high acquisition 
matrices, in order to obtain functional images with good spatial resolution. For patients 
with brain lesions, all functional scans were block-designed consisting of 81 volumes of 
41 contiguous transversal slices with a voxel-resolution of 1.80 x 1.80 x 2.3 mm3. For the 
healthy subjects in the second paper functional scans were block-designed consisting of 
81 volumes of 33 contiguous coronal slices tilted parallel to the primary motor cortex, 
giving a voxel-resolution of 1.64 x 1.64 x 1.64 mm3. For the healthy subjects in the third 
paper the parameters were identical to those used in the neurosurgical patients, in order to 
make the results as comparable as possible. For the healthy subjects in the fourth paper 
the functional scans were event-related consisting of 195 volumes of 40 contiguous 
transversal slices with a voxel-resolution of 2.40 x 2.40 x 2.30 mm3
 
. 
DTI images were acquired using a diffusion weighted spin-echo EPI sequence with a 
voxel-resolution of 1.80 x 1.80 x 1.72 mm3
 
, a b-factor of 700 in 32 spatially independent 
gradient directions, and a SENSE reduction factor of 1.5. 
 
3.4 Analysis 
All analysis of structural and functional images on both individual and group levels were 
performed using the BrainVoyager QX software package (Brain Innovation, Maastricht, 
Netherlands) [116]. This software has the option of pre-processing and statistical analysis 
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of functional data, as well as having the option to export fMRI and DTT data as 
superimposed white areas of activations and white outlines, respectively, to conventional 
T1
 
-images for use in the neuronavigation system. The BrainVoyager QX software also 
has the possibilities to perform advanced segmentation and three-dimensional 
reconstructions of gray and white matter boundaries, as well as brain lesions. 
Furthermore, it enables the use of cortex based alignment, a procedure utilizing the 
curvature information from the each individual’s hemisphere, minimizing the spatial dis-
concordance between the subjects when performing group analysis [116-118]. 
Thresholding of the statistical activation maps in the different papers differ according to 
the type of study. The first, fifth and sixth paper describe patients undergoing presurgical 
mapping where the activation maps were individually thresholded for each subject and 
each task, in order to produce activation maps unequivocally delineating the area of 
interest. In the second paper, evaluating motor tasks, activation maps were also 
individually thresholded for each subject and each task, in order to produce activation 
maps unequivocally delineating the area of interest. Further analyses were performed, 
where the tasks were required to yield activation within specific predefined regions of 
interest, in order to be characterized as successful. These pre-defined regions of interests 
were constructed by dividing the central sulcus along with the pre- and post-central gyri 
into three different areas based on the hand-knob in the pre-central gyrus, also known as 
the inverted omega [119]. In the third paper, evaluating language tasks, the statistical 
activation maps were thresholded at a fixed p-value corrected for multiple comparisons, 
followed by further analysis based on the size of activations within pre-defined 
anatomical regions of interest. These regions of interest were frontal and temporal 
language regions defined from Brodmann’s map of cortical cytoarchitecture, thus the 
frontal region covered Brodmann’s area 44, 45 and 47, while the temporal region covered 
Brodmann’s area 22 [37]. The fourth paper is a group study where the statistical 
activation maps were produced using a random effects model, thus making the results in 
this group transferable to the population at large.  
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Analysis of DTI images was performed using different softwares at different steps in the 
process. First pre-processing was done using the software FSL (Oxford Centre for 
Functional MRI of the Brain, Oxford, United Kingdom) [120]. Then DTI-Studio was 
used to analyze the DTI images, and subsequent DTT was done utilizing the Fiber 
Assignment by Continuous Tracking (FACT) algorithm (Laboratory of Brain Anatomical 
MRI, John Hopkins Medical Institute, Baltimore, USA) [49, 121]. In-house python 
software for integration of DTT with BrainVoyager QX was written by Jian Xu.  
 
All statistical analysis outside BrainVoyager QX has been done using the SPSS software 
package (SPSS Inc., Chicago, Illinois, USA). 
 
 
3.5 Surgery 
All patients were operated at the neurosurgical department at St. Olavs Hospital between 
November 2004 and September 2007. Patients underwent anatomical and functional MRI 
scanning within 72 hours before surgery. In these pateints preoperative fMRI was aimed 
at identifying motor and/or language cortices and DTT performed to identifying the 
corticospinal tract.  The preoperative data was imported into the ultrasound-based 
navigation system (SonoWand®, SonoWand AS, Trondheim, Norway) and used for 
surgical planning and guidance [93]. Intraoperative 3D ultrasound volumes were acquired 
when needed during surgery and the multimodal data was used for guidance and 
resection control. Thus, detection of brain shift was done using intraoperative 3D 
ultrasound and correction on preoperative structural and functional MRI images was done 
mentally by the neurosurgeon. All tumors were histological classified and graded by a 
neuropathologist according to the World Health Organization’s classification system 
[122]. 
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4. Summary of Papers 
4.1 Paper 1 
Integrated pre- and intraoperative imaging in a patient with an arteriovenous 
malformation located in eloquent cortex 
Berntsen EM, Gulati S, Solheim O, Kvistad KA, Lindseth F, Unsgård G 
Minimally Invasive Neurosurgery, 2009 Apr; 52 (2): 83-5 
 
The aim of the first paper was to demonstrate the usefulness of fMRI and DTT together 
with intra-operative imaging techniques in one illustrative case where an AVM was 
harbored in the middle part of the right primary motor cortex close to the finger area. 
 
fMRI and DTT were used for preoperative mapping of primary motor areas and the 
corticospinal tracts, respectively. The fMRI-activations and DTT-tracts were integrated 
into a neuronavigation system and visualized intraoperatively throughout the operation, 
thus utilizing functional neuronavigation. Furthermore, stereoscopic visualizations of the 
angioarchitecture based on 3D MRI-angiograms were used to plan the surgical approach 
to the feeder vessels. Finally, intraoperative ultrasound was used to locate and clip the 
feeding vessels. The AVM was carefully resected with the aid of the above-mentioned 
imaging techniques and the intuitive usefulness of the techniques was further 
substantiated by the rewarding postoperative outcome. Seven weeks after surgery the 
patient had regained full preoperative strength in her left upper extremity, and did not suffer 
any major limitations in activities of daily living. 
 
These results demonstrate the usefulness of preoperative mapping with fMRI and DTT, 
together with intraoperative ultrasound, which was further substantiated by the 
postoperative course.  
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4.2 Paper 2 
Mapping the primary motor cortex in healthy subjects and patients with peri-
rolandic brain lesions before neurosurgery 
Berntsen EM, Samuelsen P, Lagopoulos J, Rasmussen jr. IA, Håberg AK, Haraldseth O 
Neurological Research 
 
2008 Nov; 30 (9): 968-73 
The aim of the second paper was to establish a robust set of motor tasks for precise 
functional mapping and subsequent functional delineating of the primary motor cortex for 
use in preoperative planning and functional neuronavigation. 
 
In this study we examined six different motor tasks in healthy volunteers, which were 
finger-, tongue-, lip- and toe-movements, as well as isometric upper-arm and thigh 
contraction tasks. We found that the finger-, toe- and tongue-motor tasks were the most 
robust in identifying their respective primary motor area, with a success rate of 88%, 88% 
and 81% respectively. Moreover, all three tasks activated regions at regular intervals 
along the convexity of the hemisphere making it possible to functionally delineate the 
entire primary motor cortex. We also reviewed patients that previously had performed 
these three motor tasks during fMRI, to evaluate whether this set of tasks were successful 
in patients with brain lesions. Also in this population these tasks had a high success rate, 
100%, 100% and 78% respectively. 
 
The results from this study showed that finger-, toe- and tongue-motor tasks were the 
most effective at localizing the primary motor cortex for the purposes of neurosurgical 
planning. These three tasks produced the highest success rate and resulted in activations 
at regular intervals along the convexity of the hemisphere allowing the delineation of the 
entire motor strip even in the presence of edema and anatomical distortions.  
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4.3 
Reproducibility of functional MRI activations in language areas with three language 
tasks 
Paper 3 
Berntsen EM, Rasmussen jr. IA, Håberg AK, Haraldseth O 
Submitted to the American Journal of Neuroradiology 
 
The aim of the third paper was to investigate the intra-subject reproducibility of 
activation size and location for three different language tasks used for presurgical 
mapping at 3 Tesla, in order to establish which tasks should be used for presurgical 
mapping. 
 
In this study we examined eleven healthy volunteers undergoing fMRI examinations at 3 
Tesla while performing a responsive-naming task, an object-naming task and a word-
generation task. The task reproducibility together with probabilistic maps showing the 
spatial consistency of activations across the subjects were calculated. For the frontal 
language region it was the word-generation task that showed the best reproducibility, 
produced the largest area of activation and had the best spatial consistency across 
subjects. For the temporal language region the responsive-naming task showed good 
reproducibility, produced the largest activations and the best spatial consistency across 
the subjects. 
 
The results from this study show that the word-generation task should be used for 
mapping of the frontal language area in the clinics, as it is easy to perform and produces 
spatially consistent activations across many subjects with high reproducibility of 
activation size and localization. For the temporal language region the responsive-naming 
task should be preferred as it produces spatially consistent activations across many 
subjects with good reproducibility of activation size and localization. 
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4.4 Paper 4 
Putting the brain in Jeopardy: a novel comprehensive and expressive language 
task?  
Berntsen EM, Rasmussen jr. IA, Samuelsen P, Xu J, Haraldseth O, Lagopoulos J,     
Malhi GS 
Acta Neuropsychiatrica 2006 Apr; 18 (2): 115-119 
 
The aim of the fourth paper was to develop a new engaging language task that was able 
to produce robust activations in both frontal and temporal language areas for the mapping 
of language and determination of hemispheric language dominance. 
 
In this study ten healthy volunteers were presented to language tasks inspired by the 
popular television game ‘Jeopardy’ in which the subject is presented with an ‘answer’ 
and is required to respond by generating the corresponding ‘question’ the answer would 
normally follow. Subjects were instructed to read the prompt (the answer to a question) 
and then once they had formulated a suitable response (the question) press a keypad 
button to indicate successful completion of the task. Participants were instructed to begin 
their response with the phrase ‘What is?’ when formulating questions. A typical example 
of the task is the prompt ‘Drink we get from a cow’ the response to which should be 
‘What is milk?’ The Jeopardy task produced robust left hemisphere activation in regions 
corresponding to both frontal and temporal language areas and showed that it is 
potentially useful in language localization investigations by mapping both language areas 
in one experiment.  
 
The results from this study show that the novel language task yielded activations in both 
the frontal and temporal language areas and lateralized to the language dominant 
hemisphere. It is therefore suited to language localization investigations and is efficient in 
that it maps both language areas in one experiment. 
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4.5 Paper 5 
Surgical resection of high-grade gliomas in eloquent regions guided by blood 
oxygenation level dependent functional magnetic resonance imaging, diffusion 
tensor tractography, and intraoperative navigated 3D ultrasound 
Gulati S, Berntsen EM, Solheim O, Kvistad KA, Håberg A, Selbekk T, Torp SH, 
Unsgård G 
Minimally Invasive Neurosurgery 2009 Feb; 52 (1): 17-24 
 
The aims of the fifth paper were to assess the postoperative functional outcome, 
determine the extent of tumor resection and evaluate the practical usefulness of fMRI and 
DTT solely in patients with high-grade gliomas undergoing functional neuronavigation 
guided by fMRI and DTT with intraoperative 3D ultrasound. 
 
In this study 25 consecutive patients were included, and fMRI and DTT were performed 
in 23 and 18 patients, respectively. The patients’ pre- and post-operative gross functional 
neurological status, degree of tumor resection and the quality of the fMRI/DTT 
investigations were determined. There was a significant improvement in the patients’ 
functional status within three months after surgery and the mean percentage of residual 
tumor was calculated to 1622% of original tumor volume (median 8%). Preoperative 
fMRI successfully delineated probable functional cortex in 91% of the paradigms, 
whereas 94% of the DTT sessions yielded potential valuable information. The tongue 
task failed in four cases and the language investigation failed in one case due to failure of 
task performance, while the rest of the examinations were successful.  
 
The present study demonstrated that most patients with high-grade gliomas were capable 
of successfully performing the fMRI tasks without excessive head motion disturbance. 
This study indicates that the combination of fMRI, DTT, and 3D ultrasound facilitated 
maximal tumor resection of high grad gliomas with minimal deficits, as it may aid the 
preservation of motor and language function even in patients with highly malignant 
tumors.   
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4.6 Paper 6 
BOLD fMRI and diffusion tensor tractography incorporated into a 3D ultrasound-
based intra-operative imaging navigation system: impact on therapeutic strategies, 
extent of resection and clinical outcome  
Berntsen EM, Gulati S, Solheim O, Kvistad KA, Torp SH, Selbekk T Unsgård G,  
Håberg AK 
Submitted to Neurosurgery 
 
The aims of the sixth paper were to explore a possible relationship between lesion-to-
eloquent-area distance (LEAD) and the extent of lesion resection, occurrence of new 
postoperative deficits and patients’ postoperative clinical outcome in all patients operated 
with assistance of 3D ultrasound based navigation system with imported fMRI and DTT 
data. Also, the impact of fMRI and DTT on therapeutic strategies and any additional 
value of performing DTT together with fMRI were assessed.  
 
51 consecutive patients with lesions in proximity to eloquent areas mapped with fMRI 
and/or DTT were included, of which 45 underwent surgery. Thirty-three patients had 
histological verified gliomas, both high and low grade, while twelve patients had other 
lesions including AVMs, cavernomas, metastasis and meningiomas. The LEAD, extent of 
resections, patients’ clinical outcome and new postoperative neurological deficits were 
retrospectively assessed. The median residual percentage for gliomas (n=33) was 11% 
and 0% for other lesions (n=12). For gliomas there was a significant correlation between 
decreasing LEAD and both increasing residual tumor percentage and range of residual 
tumor percentage. However, the variance in residual tumor volume was large in the 
glioma group and some of the patients with LEAD less than 2mm also had radical 
resections. Compared to preoperative status, there was an overall significant 
improvement in clinical status with no significant change in neurological status after 3 
months in both the glioma group and the other lesion group.  
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The use of the functional images preoperatively was retrospectively assessed and shown 
to have a direct consequence on preoperative therapeutic strategies for four patients (8%). 
Two patients declined operation due to the intimate relationship between functional 
cortices and lesion. The two others cases were biopsied instead of resected as the 
corticospinal tract was engulfed by the tumor in one case and the fMRI was unsuccessful 
in the other. 
 
The additional value of DTT was assessed in those 21 cases where both corticospinal 
DTT and motor fMRI were acquired. In 14 cases (67%) the shortest LEAD decreased 
when DTT was taken into account. In four cases (19%) the functional areas delineated 
with fMRI and DTT were equally close to the lesion, while in three cases (14%) the 
fMRI activation was the closest. This constitutes a significant decrease in LEAD when 
taking the DTT into account. 
 
The positive correlation between decreasing LEAD and increasing residual tumor 
indicate that resections were performed as a compromise between removing as much 
tumor as possible and not jeopardizing eloquent areas. The results also show that 
functional neuronavigation with intraoperative 3D ultrasound makes it possible to 
radically resect lesions in immediate proximity of functional areas without inflicting 
neurological deficits and improve the overall clinical status, even when the LEAD is less 
than 2 mm. Furthermore, we found that the functional imaging had a direct consequence 
on preoperative therapeutic strategies for four patients (8%), and that there was a 
significant decrease in the LEAD when taking DTT into account, compared to fMRI 
alone. 
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5. Discussion 
fMRI and DTT are now in use for presurgical mapping and functional neuronavigation, 
and therefore the need for robust and reproducible activations together with accurate fiber 
tracts has become of imperative importance. It is important to investigate the fMRI tasks 
used and develop new ones with respect to reproducibility and ability to identify the 
cortices in question. Three of the papers in this thesis aim at doing this. It is also essential 
to investigate whether fMRI and DTT have any effect on degree of resection, clinical 
outcome and/or survival, which two of the papers in this thesis aimed at doing.  
 
 
The primary motor cortex controls voluntary movements and is strongly somatotopic 
organized along the precentral gyrus. Damage to this region during surgery has severe 
consequences for the patients and has thus been subject to intra-operative mapping since 
the 1930’s [62, 63]. With the advent of fMRI various motor tasks have been used for 
preoperative mapping, including finger tapping, hand clenching, elbow and shoulder 
movement, as well as tongue, lip, foot and toe movement [71]. We have evaluated a set 
of motor tasks in healthy volunteers and reviewed patients with brain lesions undergoing 
the same tasks, finding movement of the fingers, toes and tongue to be best suited for 
outlining of the entire motor strip. These tasks activate regions at regular intervals along 
the convexity of the hemisphere making it possible to functionally delineate the primary 
motor cortex, even in the presence of edema and anatomical distortions. These motor 
tasks are used routinely in the clinics and are the same tasks which the patients in the 
clinical studies (papers 1, 5 and 6) underwent. These three tasks should also be used in 
the future for preoperative mapping of the primary motor cortex. Whether they should be 
used alone or in combination depends on the individual pathology and clinical status. 
Factors that will influence the choice of motor tasks are for instance how difficult it is to 
identify the primary motor cortex anatomically, i.e. how gross the anatomy is distorted, 
and the location and size of the tumor with regard to the expected eloquent areas, and the 
clinical status of the patient. The final decision on choice of tasks should be decided by 
the neurosurgeon and neuroradiologist in collaboration.  
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Mapping of cortical language areas prior to neurosurgery heavily reflects the classical 
brain-language model derived from the works of Broca and Wernicke in the 19th century 
[123-126]. This model consists of an inferior frontal region for speech production 
(Broca’s area) and a posterior superior temporal region for speech comprehension 
(Wernicke’s area) in the left hemisphere. In modern linguistic and cognitive neuroscience 
it is uncontroversial that this model is empirically wrong, as it does not explain the range 
of aphasia syndromes, it is linguistically underspecified, as language is not merely 
production and comprehension, and it is anatomically underspecified, as also other areas 
contribute to language processing [127]. Furthermore, recent MRI studies of the 
preserved brains of Broca’s two historic patients indicate inconsistencies between what is 
now called Broca’s area and the area originally identified by Broca [128]. Therefore new 
models for cortical organization of language have been presented and are continuously 
being developed [129, 130]. However, the classical model is a useful simplification of 
language distribution for clinical purposes such as presurgical mapping, where the main 
purpose is to determine the localization of language areas definitively yielding speech 
disturbances and aphasia if damaged. It is therefore of outmost importance to choose a 
language task which will activate and unequivocally define the language regions in 
proximity of the brain lesion with a high degree of reproducibility. We have evaluated a 
set of language tasks with respect to reproducibility of activation size and location in 
healthy subjects (paper 3) and developed a novel language task with the potential to map 
both the frontal and temporal language areas at once (paper 4). We found that a word-
generation task should be preferred for mapping of the frontal language area and a 
responsive naming task for the temporal language region. These were the tasks with the 
best spatial consistency across a group of subjects and good reproducibility of activation 
size and localization. These are two of the tasks used routinely in the clinics, but also an 
object naming task has been used clinically. Our results show that word generation and 
responsive naming should be preferred. Furthermore, the novel “Jeopardy” task is a 
candidate for future clinical use if shown to have reproducible activation and LI in 
individual subjects. Future research should be directed towards comparing new language 
tasks, such as the Jeopardy task, with the word generation and responsive naming task in 
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order to verify or falsify the assumption that these tasks are the best fitted for language 
mapping.  
 
Since functional neuronavigation with fMRI and DTT has become part of clinical routine 
it is critical to carefully examine its impact on therapeutic strategies, extent of resection 
and postoperative outcome. This should preferably be done through randomized clinical 
trials or well-designed long-term outcome studies [1, 40, 131]. However, in lack of such 
evidence, important information may be obtained from evaluating clinical and technical 
data which has been systematically collected and thoroughly analyzed, and two of the 
papers in this thesis were aimed at doing just that.   
 
Our studies (paper 1, 5 and 6) demonstrate the usefulness of fMRI and DTT in patients 
with brain lesions on both an individual as well as a group level. In the first paper, the 
combination of fMRI and DTT together with intraoperative ultrasound and careful 
resection of the AVM resulted in a rewarding postoperative outcome. This successful 
result on the individual level was further substantiated by our two studies in patients with 
brain lesions undergoing functional neuronavigation. Here we found an overall 
significant improvement in both clinical and neurological status 3 months after surgery in 
patients with both gliomas and non-gliomas. Furthermore, we found a significant 
correlation between decreasing lesion-to-eloquent-area distance (LEAD) and increasing 
residual tumor, indicating that the resections were performed as a compromise between 
removing as much tumor as possible and not jeopardizing eloquent areas. Moreover, we 
found that functional neuronavigation with intraoperative 3D ultrasound makes it 
possible to radically resect lesions in immediate proximity of functional areas without 
inflicting neurological deficits and improve the overall clinical status, even when the 
distance between eloquent area and tumor is less than 2 mm.  
 
The challenges ahead lie in carrying out prospective outcome studies or clinical 
randomized trials in order to document the potential effect of fMRI and DTT in 
combination with navigated minimal invasive on morbidity and mortality in patients with 
primary brain tumors as well as other brain lesions. Detailed information on each patient 
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and operation should be collected, such as pre- and post-operative clinical and 
neurological status, in order to detect any improvement or additional neurological 
deficits. Also any effect on overall mortality should be investigated. Moreover, the 
distance from lesion to eloquent cortex and white matter tracts needs to be collected, as 
well as whether the neurosurgeons are able to identify the eloquent cortices and white 
matter tracts based on conventional neuronavigation images. Data should be collected 
with regard to the use of functional information during planning and also during the 
resection, and whether the functional information leads to any changes in the surgical 
plan. Finally, the extent of the brain shift during surgery and how this affected the 
functional information requires further investigation, and technical approaches on 
solutions to solve the brain shift’s impact on image registration should the sought. 
Carrying out such a study raises many challenges. Firstly, the process of integrating 
functional information into the neuronavigation system and getting acquainted with the 
techniques possibilities and limitations, both preoperatively and during surgery, require 
significant time (years). Here St. Olavs Hospital has an advantage, having several years 
of experience with functional mapping and neuronavigation, which already is clinical 
routine. Secondly, the problems of brain shift during surgery still remain unsolved. This 
should ideally be solved, or at least taken into consideration and compensated for, before 
normative prospective randomized clinical trials or outcome studies can be performed. 
Our group has previously shown that it is feasible to update MRI data correcting for 
brain-shift using automatic co-registration of preoperative MRI with intra-operative 
ultrasound, but this was done offline and still remains to be implemented into the 
neuronavigation system for intraoperative real time use [93]. A third challenge is that 
patients with brain lesions are very heterogeneous with respect to preoperative 
neurological deficits, tumor localization, histology, size, proximity to eloquent cortices, 
surrounding edema and mass effects, thus making general inferences based on small 
numbers of cases very difficult. Thus, the need for larger populations of patients is 
pivotal in order to perform clinical studies. The number of patients operated at St. Olavs 
Hospital is possibly too small to perform prospective randomized clinical trials, where 
one group would be subjected to functional neuronavigation and the other receive 
conventional neuronavigation. In the previously mentioned study by Wu et al., showing 
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improved postoperative outcome and time of survival when DTI-data was used compared 
to conventional neuronavigation, there was 120 patients in each group enrolled over 4 
years [107]. This in comparison with the 51 patients enrolled at our hospital over 3 years. 
One solution to this problem may be to design a national multi-center study including all 
hospitals in Norway performing these investigations and functional neuronavigation. 
However, the equipment for functional neuronavigation differs between the hospitals. An 
ethical dilemma is whether one possibly could deny one group of patients functional 
neuronavigation if they according to today’s clinical practice normally would be operated 
using it. As mentioned, to our knowledge there is only one prospective randomized study 
showing benefit from functional neuronavigation, thus further studies are warranted. An 
alternative solution may be to perform a prospective long-term outcome study either as 
multi-center study or only at our hospital. 
 
The results from the papers in this thesis suggests that the use of fMRI and DTT for 
preoperative mapping and functional neuronavigation is beneficial for both the 
neurosurgeon and patient as it enables localization of eloquent areas, increased resection 
of the brain lesions and prevention of new neurological deficits. It is my opinion that the 
next logical step for evaluation of these techniques is either a national prospective 
randomized clinical trial or a prospective long-term outcome study at St.Olavs Hospital 
for evaluation of effect on morbidity and mortality. 
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6. Conclusion 
The papers constituting this thesis demonstrate developments, evaluation and 
implementation of fMRI and DTT at 3 Tesla for preoperative planning and functional 
neuronavigation. We have evaluated and proposed motor and language tasks which 
should be used as standardized paradigms for preoperative mapping in the future. Our 
clinical results indicate that guided functional neuronavigation with updated anatomical 
information using ultrasound gives the surgeon an advantage when resecting brain lesions 
by facilitating maximal tumor resection with minimal deficit. Furthermore, functional 
neuronavigation benefits the patient as fMRI and DTT maps eloquent cortices in the 
brain which subsequently may be avoided during surgery, thus avoiding new post-
operative neurological deficits. The challenges ahead lie in establishing standardized 
tasks and analysis for processing of these investigations, as well as carrying out 
prospective outcome studies or clinical randomized trials in order produce evidence for 
effect on morbidity and mortality in patients with brain lesions.  
 
 
44 
 
References  
1. Matthews, P.M., G.D. Honey, and E.T. Bullmore, Applications of fMRI in 
translational medicine and clinical practice. Nature Reviews Neuroscience, 2006. 
7(9): p. 732-744. 
2. Hashemi, R.H., W.G. Bradley Jr., and C.J. Lisanti, MRI - The Basics. 2003, 
Philadelphia: Lippincott Williams & Wilkins. 
3. Mansfield, P. and A.A. Maudsley, Medical imaging by NMR. Br J Radiol, 1977. 
50(591): p. 188-94. 
4. Ogawa, S., et al., Brain Magnetic-Resonance-Imaging with Contrast Dependent 
on Blood Oxygenation. Proceedings of the National Academy of Sciences of the 
United States of America, 1990. 87(24): p. 9868-9872. 
5. Ogawa, S., et al., Oxygen-Sensitive Contrast in Magnetic-Resonance Image of 
Rodent Brain at High Magnetic-Fields. Magnetic Resonance in Medicine, 1990. 
14(1): p. 68-78. 
6. Ogawa, S., et al., Intrinsic Signal Changes Accompanying Sensory Stimulation - 
Functional Brain Mapping with Magnetic-Resonance-Imaging. Proceedings of 
the National Academy of Sciences of the United States of America, 1992. 89(13): 
p. 5951-5955. 
7. Kwong, K.K., et al., Dynamic Magnetic-Resonance-Imaging of Human Brain 
Activity During Primary Sensory Stimulation. Proceedings of the National 
Academy of Sciences of the United States of America, 1992. 89(12): p. 5675-
5679. 
8. Bandettini, P.A., et al., Time Course Epi of Human Brain-Function During Task 
Activation. Magnetic Resonance in Medicine, 1992. 25(2): p. 390-397. 
9. Pauling, L. and C.D. Coryell, The Magnetic Properties and Structure of the 
Hemochromogens and Related Substances. Proc Natl Acad Sci U S A, 1936. 
22(3): p. 159-63. 
10. Bonvento, G., N. Sibson, and L. Pellerin, Does glutamate image your thoughts? 
Trends in Neurosciences, 2002. 25(7): p. 359-364. 
11. Boas, D.A., et al., A vascular anatomical network model of the spatio-temporal 
response to brain activation. Neuroimage, 2008. 40(3): p. 1116-29. 
12. Buxton, R.B., et al., Modeling the hemodynamic response to brain activation. 
Neuroimage, 2004. 23: p. S220-S233. 
13. Jueptner, M. and C. Weiller, Does Measurement of Regional Cerebral Blood-
Flow Reflect Synaptic Activity - Implications for PET and fMRI. Neuroimage, 
1995. 2(2): p. 148-156. 
14. Logothetis, N.K. and J. Pfeuffer, On the nature of the BOLD fMRI contrast 
mechanism. Magn Reson Imaging, 2004. 22(10): p. 1517-31. 
15. Nir, Y., et al., Coupling between neuronal firing rate, gamma LFP, and BOLD 
fMRI is related to interneuronal correlations. Curr Biol, 2007. 17(15): p. 1275-
85. 
16. Bizzi, A., et al., Presurgical functional MR imaging of language and motor 
functions: Validation with intraoperative electrocortical mapping. Radiology, 
2008. 248(2): p. 579-589. 
45 
 
17. Wu, J.S., et al., Prospective comparison of functional magnetic resonance 
imaging and intraoperative motor evoked potential monitoring for cortical 
mapping of primary motor areas. Zhonghua Wai Ke Za Zhi, 2005. 43(17): p. 
1141-5. 
18. Kamada, K., et al., Visualization of the eloquent motor system by integration of 
Meg, functional, and anisotropic diffusion-weighted MRI in functional 
neuronavigation. Surgical Neurology, 2003. 59(5): p. 353-362. 
19. Li, Z.X., et al., Function magnetic resonance imaging and diffusion tensor 
tractography in patients with brain gliomas involving motor areas: clinical 
application and outcome. Zhonghua Wai Ke Za Zhi, 2006. 44(18): p. 1275-9. 
20. Jezzard, P. and R.B. Buxton, The clinical potential of functional magnetic 
resonance imaging. Journal of Magnetic Resonance Imaging, 2006. 23(6): p. 787-
793. 
21. Jack, C.R., et al., Sensory-Motor Cortex - Correlation of Presurgical Mappipng 
with Functional MR-Imaging and Invasive Cortical Mapping. Radiology, 1994. 
190(1): p. 85-92. 
22. Latchaw, R.E., et al., Functional magnetic-resonance-imaging as a management 
tool for cerebral arteriovenous-malformations. Neurosurgery, 1995. 37(4): p. 
619-625. 
23. Morris, G.L., et al., Functional Magnetic-Resonance-Imaging in Partial Epilepsy. 
Epilepsia, 1994. 35(6): p. 1194-1198. 
24. Hofmann, E., et al., Noninvasive direct stimulation of the cochlear nerve for 
functional MR imaging of the auditory cortex. American Journal of 
Neuroradiology, 1999. 20(10): p. 1970-1972. 
25. Schmidt, A.M., et al., Functional MR imaging of the auditory cortex with 
electrical stimulation of the promontory in 35 deaf patients before cochlea 
implantation. American Journal of Neuroradiology, 2003. 24(2): p. 201-207. 
26. Bookheimer, S., Pre-surgical language mapping with functional magnetic 
resonance imaging. Neuropsychol Rev, 2007. 17(2): p. 145-55. 
27. Ojemann, J.G., et al., Anatomic localization and quantitative analysis of gradient 
refocused echo-planar fMRI susceptibility artifacts. Neuroimage, 1997. 6(3): p. 
156-67. 
28. Jezzard, P. and R.S. Balaban, Correction for geometric distortion in echo planar 
images from B0 field variations. Magn Reson Med, 1995. 34(1): p. 65-73. 
29. Gati, J.S., et al., Experimental determination of the BOLD field strength 
dependence in vessels and tissue. Magn Reson Med, 1997. 38(2): p. 296-302. 
30. Auer, D.P., Spontaneous low-frequency blood oxygenation level-dependent 
fluctuations and functional connectivity analysis of the 'resting' brain. Magn 
Reson Imaging, 2008. 26(7): p. 1055-64. 
31. Rasmussen, I.A., et al., Simple dual tasking recruits prefrontal cortices in chronic 
severe traumatic brain injury patients, but not in controls. J Neurotrauma, 2008. 
25(9): p. 1057-70. 
32. Morgan, V.L., et al., Comparison of fMRI statistical software packages and 
strategies for analysis of images containing random and stimulus-correlated 
motion. Comput Med Imaging Graph, 2007. 31(6): p. 436-46. 
46 
 
33. Friston, K.J., et al., Event-related fMRI: characterizing differential responses. 
Neuroimage, 1998. 7(1): p. 30-40. 
34. Boynton, G.M., et al., Linear systems analysis of functional magnetic resonance 
imaging in human V1. J Neurosci, 1996. 16(13): p. 4207-21. 
35. Friston, K.J., et al., Statistical parametric maps in functional imaging: A general 
linear approach. Human Brain Mapping, 1994. 2(4): p. 189-210. 
36. Lehn, H., et al., A specific role of the human hippocampus in recall of temporal 
sequences. J Neurosci, 2009. 29(11): p. 3475-84. 
37. Brodmann, K., Vergleichende Lokalisationslehre der Grosshirnrinde in ihren 
Prinzipien dargestellt auf Grund des Zellenbaues. 1909, Leipzig: Johann 
Ambrosius Barth Verlag. 
38. Harrington, G.S., M.H. Buonocore, and S.T. Farias, Intrasubject reproducibility 
of functional MR imaging activation in language tasks. AJNR Am J Neuroradiol, 
2006. 27(4): p. 938-44. 
39. Tharin, S. and A. Golby, Functional brain mapping and its applications to 
neurosurgery. Neurosurgery, 2007. 60(4): p. 185-201. 
40. Sunaert, S., Presurgical planning for tumor resectioning. J Magn Reson Imaging, 
2006. 23(6): p. 887-905. 
41. Basser, P.J., J. Mattiello, and D. Lebihan, Estimation of the Effective Self-
Diffusion Tensor from the NMR Spin-Echo. Journal of Magnetic Resonance Series 
B, 1994. 103(3): p. 247-254. 
42. Jellison, B.J., et al., Diffusion tensor imaging of cerebral white matter: A pictorial 
review of physics, fiber tract anatomy, and tumor imaging patterns. American 
Journal of Neuroradiology, 2004. 25(3): p. 356-369. 
43. Moseley, M.E., et al., Diffusion-Weighted MR Imaging of Anisotropic Water 
Diffusin in Cat Central-Nervous-System. Radiology, 1990. 176(2): p. 439-445. 
44. Wakana, S., et al., Fiber tract-based atlas of human white matter anatomy. 
Radiology, 2004. 230(1): p. 77-87. 
45. Basser, P.J. and C. Pierpaoli, Microstructural and physiological features of 
tissues elucidated by quantitative-diffusion-tensor MRI. Journal of Magnetic 
Resonance Series B, 1996. 111(3): p. 209-219. 
46. Douek, P., et al., MR color mapping of myelin fiber orientation. J Comput Assist 
Tomogr, 1991. 15(6): p. 923-9. 
47. Mori, S. and P.C.M. van Zijl, Fiber tracking: principles and strategies - a 
technical review. Nmr in Biomedicine, 2002. 15(7-8): p. 468-480. 
48. Le Bihan, D., et al., Diffusion tensor imaging: concepts and applications. J Magn 
Reson Imaging, 2001. 13(4): p. 534-46. 
49. Mori, S., et al., Three-dimensional tracking of axonal projections in the brain by 
magnetic resonance imaging. Annals of Neurology, 1999. 45(2): p. 265-269. 
50. Lazar, M., et al., White matter tractography using diffusion tensor deflection. 
Hum Brain Mapp, 2003. 18(4): p. 306-21. 
51. Melhem, E.R., et al., Diffusion tensor MR imaging of the brain and white matter 
tractography. American Journal of Roentgenology, 2002. 178(1): p. 3-16. 
52. Golay, X., et al., High-resolution isotropic 3D diffusion tensor imaging of the 
human brain. Magn Reson Med, 2002. 47(5): p. 837-43. 
47 
 
53. Bello, L., et al., Motor and language DTI Fiber Tracking combined with 
intraoperative subcortical mapping for surgical removal of gliomas. Neuroimage, 
2008. 39(1): p. 369-382. 
54. Berman, J.I., et al., Accuracy of diffusion tensor magnetic resonance imaging 
tractography assessed using intraoperative subcortical stimulation mapping and 
magnetic source imaging. Journal of Neurosurgery, 2007. 107(3): p. 488-494. 
55. Kamada, K., et al., Combined use of tractography-integrated functional 
neuronavigation and direct fiber stimulation. Journal of Neurosurgery, 2005. 
102(4): p. 664-672. 
56. Coenen, V.A., et al., Electrophysiological proof of diffusion-weighted imaging-
derived depiction of the deep-seated pyramidal tract in human. Zentralblatt Fur 
Neurochirurgie, 2006. 67(3): p. 117-122. 
57. Ciccarelli, O., et al., Diffusion-based tractography in neurological disorders: 
concepts, applications, and future developments. Lancet Neurology, 2008. 7(8): p. 
715-727. 
58. Frank, L.R., Characterization of anisotropy in high angular resolution diffusion-
weighted MRI. Magn Reson Med, 2002. 47(6): p. 1083-99. 
59. Behrens, T.E., et al., Probabilistic diffusion tractography with multiple fibre 
orientations: What can we gain? Neuroimage, 2007. 34(1): p. 144-55. 
60. Sanai, N. and M.S. Berger, Glioma extent of resection and its impact on patient 
outcome. Neurosurgery, 2008. 62(4): p. 753-764. 
61. NationalComprehensiveCancerNetwork, Central Nervous System Cancer 
Guidelines. 2007, NCCN Press: Jenkintown, Pennsylvania. 
62. Foerster, O., The Motor cortex in man in the light of Hughlings Jackson's 
doctrines. Brain 1936. 
63. Penfield, W. and T. Rasmussen, The Cerebral Cortex of Man - A Clinical Study of 
Localization of Function. 1950, New York: The Macmillan Company. 
64. Wada, J. and T. Rasmussen, Intracarotid injection of sodium amytal for the 
lateralization of cerebral speech dominance. J Neurosurg, 1960. 17: p. 226-282. 
65. Tai, Y.F. and P. Piccini, Applications of positron emission tomography (PET) in 
neurology. J Neurol Neurosurg Psychiatry, 2004. 75(5): p. 669-76. 
66. Schreckenberger, M., et al., Localisation of motor areas in brain tumour patients: 
a comparison of preoperative [18F]FDG-PET and intraoperative cortical 
electrostimulation. Eur J Nucl Med, 2001. 28(9): p. 1394-403. 
67. Sack, A.T. and D.E. Linden, Combining transcranial magnetic stimulation and 
functional imaging in cognitive brain research: possibilities and limitations. 
Brain Res Brain Res Rev, 2003. 43(1): p. 41-56. 
68. Krings, T., et al., Introducing navigated transcranial magnetic stimulation as a 
refined brain mapping methodology. Neurosurg Rev, 2001. 24(4): p. 171-9. 
69. Neggers, S.F., et al., A stereotactic method for image-guided transcranial 
magnetic stimulation validated with fMRI and motor-evoked potentials. 
Neuroimage, 2004. 21(4): p. 1805-17. 
70. Picht, T., et al., TMS in Neurosurgery: One year experience with navigated TMS 
for preoperative analysis, in 52nd Annual Conference of the German Section of 
the International Federation of Clinical Neurophysiology. 2008. 
48 
 
71. Vlieger, E.J., et al., Functional magnetic resonance imaging for neurosurgical 
planning in neurooncology. European Radiology, 2004. 14(7): p. 1143-1153. 
72. Witwer, B.P., et al., Diffusion-tensor imaging of white matter tracts in patients 
with cerebral neoplasm. Journal of Neurosurgery, 2002. 97(3): p. 568-575. 
73. Mori, S., et al., Brain white matter anatomy of tumor patients evaluated with 
diffusion tensor imaging. Annals of Neurology, 2002. 51(3): p. 377-380. 
74. Yamada, K., et al., Tractography for an arteriovenous malformation. Neurology, 
2004. 62(4): p. 669-669. 
75. Clark, C.A., et al., White matter fiber tracking in patients with space-occupying 
lesions of the brain: a new technique for neurosurgical planning? Neuroimage, 
2003. 20(3): p. 1601-1608. 
76. Yamada, K., et al., Brain fiber tracking with clinically feasible diffusion-tensor 
MR imaging: Initial experience. Radiology, 2003. 227(1): p. 295-301. 
77. Itoh, D., et al., Corticospinal tracts by diffusion tensor tractography in patients 
with arteriovenous malformations. Journal of Computer Assisted Tomography, 
2006. 30(4): p. 618-623. 
78. Kikuta, K., et al., Early experience with 3-T magnetic resonance tractography in 
the surgery of cerebral arteriovenous malformations in and around the visual 
pathway. Neurosurgery, 2006. 58(2): p. 331-337. 
79. Yu, C.S., et al., Diffusion tensor tractography in patients with cerebral tumors: A 
helpful technique for neurosurgical planning and postoperative assessment. 
European Journal of Radiology, 2005. 56(2): p. 197-204. 
80. Ulmer, J.L., et al., The role of diffusion tensor imaging in establishing the 
proximity of tumor borders to functional brain systems: Implications for 
preoperative risk assessments and postoperative outcomes. Technology in Cancer 
Research & Treatment, 2004. 3(6): p. 567-576. 
81. Hendler, T., et al., Delineating gray and white matter involvement in brain 
lesions: three-dimensional alignment of functional magnetic resonance and 
diffusion-tensor imaging. Journal of Neurosurgery, 2003. 99(6): p. 1018-1027. 
82. Gralla, J., et al., Frameless stereotactic brain biopsy procedures using the Stealth 
Station: Indications, accuracy and results. Zentralblatt Fur Neurochirurgie, 2003. 
64(4): p. 166-170. 
83. Gronningsaeter, A., et al., SonoWand, an ultrasound-based neuronavigation 
system. Neurosurgery, 2000. 47(6): p. 1373-1379. 
84. Gumprecht, H.K., D.C. Widenka, and C.B. Lumenta, BrainLab VectorVision 
neuronavigation system: Technology and clinical experiences in 131 cases. 
Neurosurgery, 1999. 44(1): p. 97-104. 
85. Li, Q.H., et al., The application accuracy of the NeuroMate robot--A quantitative 
comparison with frameless and frame-based surgical localization systems. 
Comput Aided Surg, 2002. 7(2): p. 90-8. 
86. Olson, J.J., S. Shepherd, and R.A.E. Bakay, The EasyGuide Neuro image-guided 
surgery system. Neurosurgery, 1997. 40(5): p. 1092-1096. 
87. Maldjian, J.A., et al., Intraoperative functional MRI using a real-time 
neurosurgical navigation system. Journal of Computer Assisted Tomography, 
1997. 21(6): p. 910-912. 
49 
 
88. Schulder, M., et al., Functional MRI-guided surgery of intracranial tumors. 
Stereotactic and Functional Neurosurgery, 1997. 68(1-4): p. 98-105. 
89. Schulder, M., et al., Functional image-guided surgery of intracranial tumors 
located in or near the sensorimotor cortex. Journal of Neurosurgery, 1998. 89(3): 
p. 412-418. 
90. Nimsky, C., et al., Integration of functional magnetic resonance imaging 
supported by magnetoencephalography in functional neuronavigation. 
Neurosurgery, 1999. 44(6): p. 1249-1255. 
91. Nimsky, C., et al., Visualization of the pyramidal tract in glioma surgery by 
integrating diffusion tensor imaging in functional neuronavigation. Zentralblatt 
Fur Neurochirurgie, 2005. 66(3): p. 133-141. 
92. Nimsky, C., et al., Intraoperative visualization of the pyramidal tract by diffusion-
tensor-imaging-based fiber tracking. Neuroimage, 2006. 30(4): p. 1219-1229. 
93. Rasmussen, I.A., et al., Functional neuronavigation combined with intra-
operative 3D ultrasound: Initial experiences during surgical resections close to 
eloquent brain areas and future directions in automatic brain shift compensation 
of preoperative data. Acta Neurochir, 2007. 149(4): p. 365-378. 
94. Nimsky, C., O. Ganslandt, and R. Fahlbusch, Implementation of fiber tract 
navigation. Neurosurgery, 2007. 61(1): p. 306-317. 
95. Yamada, K., et al., Tractography for arteriovenous malformations near the 
sensorimotor cortices. American Journal of Neuroradiology, 2005. 26(3): p. 598-
602. 
96. Parmar, H., Y.Y. Sitoh, and T.T. Yeo, Combined magnetic resonance 
tractography and functional magnetic resonance imaging in evaluation of brain 
tumors involving the motor system. Journal of Computer Assisted Tomography, 
2004. 28(4): p. 551-556. 
97. Haberg, A., et al., Preoperative blood oxygen level-dependent functional magnetic 
resonance imaging in patients with primary brain tumors: Clinical application 
and outcome. Neurosurgery, 2004. 54(4): p. 902-914. 
98. Niizuma, K., et al., Surgical treatment of paraventricular cavernous angioma: 
Fibre tracking for visualizing the corticospinal tract and determining surgical 
approach. Journal of Clinical Neuroscience, 2006. 13(10): p. 1028-1032. 
99. Mikuni, N., et al., Clinical significance of preoperative fibre-tracking to preserve 
the affected pyramidal tracts during resection of brain tumours in patients with 
preoperative motor weakness. J Neurol Neurosurg Psychiatry, 2007. 78(7): p. 
716-21. 
100. Moller-Hartmann, W., et al., Preoperative assessment of motor cortex and 
pyramidal tracts in central cavernoma employing functional and diffusion-
weighted magnetic resonance imaging. Surgical Neurology, 2002. 58(5): p. 302-
308. 
101. Romano, A., et al., Role of magnetic resonance tractography in the preoperative 
planning and intraoperative assessment of patients with intra-axial brain 
turnours. Radiologia Medica, 2007. 112(6): p. 906-920. 
102. Wilkinson, I.D., et al., Motor functional MRI for pre-operative and intraoperative 
neurosurgical guidance. British Journal of Radiology, 2003. 76(902): p. 98-103. 
50 
 
103. Krishnan, R., et al., Functional magnetic resonance imaging integrated 
neuronavigation: Correlation between lesion-to-motor cortex distance and 
outcome. Neurosurgery, 2004. 55(4): p. 904-914. 
104. Zhang, Y., et al., [Functional magnetic resonance imaging-integrated 
neuronavigation and protection of brain function]. Zhonghua Yi Xue Za Zhi, 
2008. 88(1): p. 2-6. 
105. Yetkin, F.Z., et al., Functional magnetic resonance imaging assessment of the risk 
of postoperative hemiparesis after excision of cerebral tumors. International 
Journal of Neuroradiology, 1998. 4(4): p. 253-257. 
106. Coenen, V.A., et al., Sequential visualization of brain and fiber tract deformation 
during intracranial surgery with three-dimensional ultrasound: an approach to 
evaluate the effect of brain shift. Neurosurgery, 2005. 56(1 Suppl): p. 133-41; 
discussion 133-41. 
107. Wu, J.S., et al., Clinical evaluation and follow-up outcome of diffusion tensor 
IMAGING-BASED functional neuronavigation: A prospective, controlled study in 
patients with gliomas involving pyramidal tracts. Neurosurgery, 2007. 61(5): p. 
935-948. 
108. Nabavi, A., et al., Serial intraoperative magnetic resonance imaging of brain 
shift. Neurosurgery, 2001. 48(4): p. 787-97; discussion 797-8. 
109. Nimsky, C., et al., Intraoperative diffusion-tensor MR imaging: Shifting of white 
matter tracts during neurosurgical procedures - Initial experience. Radiology, 
2005. 234(1): p. 218-225. 
110. Nimsky, C., et al., Preoperative and intraoperative diffusion tensor imaging-
based fiber tracking in glioma surgery. Neurosurgery, 2007. 61(1 Suppl): p. 178-
85; discussion 186. 
111. Nimsky, C., et al., Intraoperative magnetic resonance imaging combined with 
neuronavigation: A new concept. Neurosurgery, 2001. 48(5): p. 1082-1089. 
112. Lindseth, F., et al., Accuracy evaluation of a 3D ultrasound-based 
neuronavigation system. Comput Aided Surg, 2002. 7(4): p. 197-222. 
113. Sunaert, S., Presurgical planning for tumor resectioning. Journal of Magnetic 
Resonance Imaging, 2006. 23(6): p. 887-905. 
114. Johnson, R.D. and R.J. Stacey, The impact of new imaging technologies in 
neurosurgery. Surgeon, 2008. 6(6): p. 344-9. 
115. Mugler, J.P. and J.R. Brookeman, 3-Dimensional Magnetization-Prepared Rapid 
Gradient-Echo Imaging (3DMP-RAGE). Magnetic Resonance in Medicine, 1990. 
15(1): p. 152-157. 
116. Goebel, R., F. Esposito, and E. Formisano, Analysis of Functional Image Analysis 
Contest (FIAC) data with BrainVoyager QX: From single-subject to cortically 
aligned group general linear model analysis and self-organizing group 
independent component analysis. Human Brain Mapping, 2006. 27(5): p. 392-
401. 
117. Dale, A.M., B. Fischl, and M.I. Sereno, Cortical surface-based analysis - I. 
Segmentation and surface reconstruction. Neuroimage, 1999. 9(2): p. 179-194. 
118. Fischl, B., M.I. Sereno, and A.M. Dale, Cortical surface-based analysis - II: 
Inflation, flattening, and a surface-based coordinate system. Neuroimage, 1999. 
9(2): p. 195-207. 
51 
 
119. Yousry, T.A., et al., Localization of the motor hand area to a knob on the 
precentral gyrus - A new landmark. Brain, 1997. 120: p. 141-157. 
120. Smith, S.M., et al., Advances in functional and structural MR image analysis and 
implementation as FSL. Neuroimage, 2004. 23: p. S208-S219. 
121. Jiang, H.Y., et al., DtiStudio: Resource program for diffusion tensor computation 
and fiber bundle tracking. Computer Methods and Programs in Biomedicine, 
2006. 81(2): p. 106-116. 
122. Kleihues, P., et al., The WHO classification of tumors of the nervous system. 
Journal of Neuropathology and Experimental Neurology, 2002. 61(3): p. 215-225. 
123. Wernicke, C., Der aphasische symptomencomplex: eine psychologische studie auf 
anatomischer basis 1874. 
124. Broca, P., Sur le siege de la faculte du langage articule. Bulletin de la Societe 
d’anthropologie, 1865(6): p. 337-393. 
125. Broca, P., Nouvelle observation d’aphe´mie produite par une le´sion de la 
troisie`me circonvolution frontale. Bulletins de la Socie´te´ d’anatomie (Paris), 2e 
serie, 1865(6): p. 398 - 407. 
126. Broca, P., Perte de la parole: ramollissement chronique et destruction partielle 
du lobe anterieur gauche du cerveau. Bulletins de la Societe d’anthropologie, 1re 
serie, 1865(2): p. 330- 357. 
127. Poeppel, D. and G. Hickok, Towards a new functional anatomy of language. 
Cognition, 2004. 92(1-2): p. 1-12. 
128. Dronkers, N.F., et al., Paul Broca's historic cases: high resolution MR imaging of 
the brains of Leborgne and Lelong. Brain, 2007. 130(Pt 5): p. 1432-41. 
129. Bookheimer, S., Functional MRI of language: new approaches to understanding 
the cortical organization of semantic processing. Annu Rev Neurosci, 2002. 25: 
p. 151-88. 
130. Hickok, G. and D. Poeppel, The cortical organization of speech processing. Nat 
Rev Neurosci, 2007. 8(5): p. 393-402. 
131. Slavin, K.V., Neuronavigation in neurosurgery: current state of affairs. Expert 
Review of Medical Devices, 2008. 5(1): p. 1-3. 
 
 
 
  
  
 
 
Paper  1-6 removed 
due to copyright 
Disser tations at the Faculty of Medicine, NTNU 

1977 
1. Knut Joachim Berg: EFFECT OF ACETYLSALICYLIC ACID ON RENAL FUNCTION 
2. Karl Erik Viken and Arne Ødegaard: STUDIES ON HUMAN MONOCYTES CULTURED IN  
VITRO 
1978 
3. Karel Bjørn Cyvin: CONGENITAL DISLOCATION OF THE HIP JOINT. 
4. Alf O. Brubakk: METHODS FOR STUDYING FLOW DYNAMICS IN THE LEFT 
VENTRICLE  AND THE AORTA IN MAN. 
1979 
5. Geirmund Unsgaard: CYTOSTATIC AND IMMUNOREGULATORY ABILITIES OF 
HUMAN    BLOOD MONOCYTES CULTURED IN VITRO 
1980 
6. Størker Jørstad: URAEMIC TOXINS 
7. Arne Olav Jenssen: SOME RHEOLOGICAL, CHEMICAL AND STRUCTURAL 
PROPERTIES    OF MUCOID SPUTUM FROM PATIENTS WITH CHRONIC 
OBSTRUCTIVE BRONCHITIS 
1981 
8. Jens Hammerstrøm: CYTOSTATIC AND CYTOLYTIC ACTIVITY OF HUMAN 
MONOCYTES AND EFFUSION MACROPHAGES AGAINST TUMOR CELLS IN VITRO 
1983 
9. Tore Syversen: EFFECTS OF METHYLMERCURY ON RAT BRAIN PROTEIN. 
10. Torbjørn Iversen: SQUAMOUS CELL CARCINOMA OF THE VULVA. 
1984 
11. Tor-Erik Widerøe: ASPECTS OF CONTINUOUS AMBULATORY PERITONEAL 
DIALYSIS. 
12. Anton Hole: ALTERATIONS OF MONOCYTE AND LYMPHOCYTE FUNCTIONS IN 
REALTION TO SURGERY UNDER EPIDURAL OR GENERAL ANAESTHESIA. 
13. Terje Terjesen: FRACTURE HEALING AND STRESS-PROTECTION AFTER METAL 
PLATE FIXATION AND EXTERNAL FIXATION. 
14. Carsten Saunte: CLUSTER HEADACHE SYNDROME. 
15. Inggard Lereim: TRAFFIC ACCIDENTS AND THEIR CONSEQUENCES. 
16. Bjørn Magne Eggen: STUDIES IN CYTOTOXICITY IN HUMAN ADHERENT 
MONONUCLEAR BLOOD CELLS. 
17. Trond Haug: FACTORS REGULATING BEHAVIORAL EFFECTS OG DRUGS. 
1985 
18. Sven Erik Gisvold: RESUSCITATION AFTER COMPLETE GLOBAL BRAIN ISCHEMIA. 
19. Terje Espevik: THE CYTOSKELETON OF HUMAN MONOCYTES. 
20. Lars Bevanger: STUDIES OF THE Ibc (c) PROTEIN ANTIGENS OF GROUP B 
STREPTOCOCCI. 
21. Ole-Jan Iversen: RETROVIRUS-LIKE PARTICLES IN THE PATHOGENESIS OF 
PSORIASIS. 
22. Lasse Eriksen: EVALUATION AND TREATMENT OF ALCOHOL DEPENDENT 
BEHAVIOUR. 
23. Per I. Lundmo: ANDROGEN METABOLISM IN THE PROSTATE. 
1986 
24. Dagfinn Berntzen: ANALYSIS AND MANAGEMENT OF EXPERIMENTAL AND 
CLINICAL PAIN. 
25. Odd Arnold Kildahl-Andersen: PRODUCTION AND CHARACTERIZATION OF 
MONOCYTE-DERIVED CYTOTOXIN AND ITS ROLE IN MONOCYTE-MEDIATED 
CYTOTOXICITY. 
26. Ola Dale: VOLATILE ANAESTHETICS. 
1987 
27. Per Martin Kleveland: STUDIES ON GASTRIN. 
28. Audun N. Øksendal: THE CALCIUM PARADOX AND THE HEART. 
29. Vilhjalmur R. Finsen: HIP FRACTURES 
1988 
30. Rigmor Austgulen: TUMOR NECROSIS FACTOR: A MONOCYTE-DERIVED 
REGULATOR OF CELLULAR GROWTH. 
31. Tom-Harald Edna: HEAD INJURIES ADMITTED TO HOSPITAL. 
32. Joseph D. Borsi: NEW ASPECTS OF THE CLINICAL PHARMACOKINETICS OF 
METHOTREXATE. 
33. Olav F. M. Sellevold: GLUCOCORTICOIDS IN MYOCARDIAL PROTECTION. 
34. Terje Skjærpe: NONINVASIVE QUANTITATION OF GLOBAL PARAMETERS ON LEFT 
VENTRICULAR FUNCTION: THE SYSTOLIC PULMONARY ARTERY PRESSURE AND 
CARDIAC OUTPUT. 
35. Eyvind Rødahl: STUDIES OF IMMUNE COMPLEXES AND RETROVIRUS-LIKE 
ANTIGENS IN PATIENTS WITH ANKYLOSING SPONDYLITIS. 
36. Ketil Thorstensen: STUDIES ON THE MECHANISMS OF CELLULAR UPTAKE OF IRON 
FROM TRANSFERRIN. 
37. Anna Midelfart: STUDIES OF THE MECHANISMS OF ION AND FLUID TRANSPORT IN 
THE BOVINE CORNEA. 
38. Eirik Helseth: GROWTH AND PLASMINOGEN ACTIVATOR ACTIVITY OF HUMAN 
GLIOMAS AND BRAIN METASTASES - WITH SPECIAL REFERENCE TO 
TRANSFORMING GROWTH FACTOR BETA AND THE EPIDERMAL GROWTH 
FACTOR RECEPTOR. 
39. Petter C. Borchgrevink: MAGNESIUM AND THE ISCHEMIC HEART. 
40. Kjell-Arne Rein: THE EFFECT OF EXTRACORPOREAL CIRCULATION ON 
SUBCUTANEOUS TRANSCAPILLARY FLUID BALANCE. 
41. Arne Kristian Sandvik: RAT GASTRIC HISTAMINE. 
42. Carl Bredo Dahl: ANIMAL MODELS IN PSYCHIATRY. 
1989 
43. Torbjørn A. Fredriksen: CERVICOGENIC HEADACHE. 
44. Rolf A. Walstad: CEFTAZIDIME. 
45. Rolf Salvesen: THE PUPIL IN CLUSTER HEADACHE. 
46. Nils Petter Jørgensen: DRUG EXPOSURE IN EARLY PREGNANCY. 
47. Johan C. Ræder: PREMEDICATION AND GENERAL ANAESTHESIA IN OUTPATIENT 
GYNECOLOGICAL SURGERY. 
48. M. R. Shalaby: IMMUNOREGULATORY PROPERTIES OF TNF- AND THE RELATED 
CYTOKINES. 
49. Anders Waage: THE COMPLEX PATTERN OF CYTOKINES IN SEPTIC SHOCK. 
50. Bjarne Christian Eriksen: ELECTROSTIMULATION OF THE PELVIC FLOOR IN FEMALE 
URINARY INCONTINENCE. 
51. Tore B. Halvorsen: PROGNOSTIC FACTORS IN COLORECTAL CANCER. 
1990 
52. Asbjørn Nordby: CELLULAR TOXICITY OF ROENTGEN CONTRAST MEDIA. 
53. Kåre E. Tvedt: X-RAY MICROANALYSIS OF BIOLOGICAL MATERIAL. 
54. Tore C. Stiles: COGNITIVE VULNERABILITY FACTORS IN THE DEVELOPMENT AND 
MAINTENANCE OF DEPRESSION. 
55. Eva Hofsli: TUMOR NECROSIS FACTOR AND MULTIDRUG RESISTANCE. 
56. Helge S. Haarstad: TROPHIC EFFECTS OF CHOLECYSTOKININ AND SECRETIN ON 
THE RAT PANCREAS. 
57. Lars Engebretsen: TREATMENT OF ACUTE ANTERIOR CRUCIATE LIGAMENT 
INJURIES. 
58. Tarjei Rygnestad: DELIBERATE SELF-POISONING IN TRONDHEIM. 
59. Arne Z. Henriksen: STUDIES ON CONSERVED ANTIGENIC DOMAINS ON MAJOR 
OUTER MEMBRANE PROTEINS FROM ENTEROBACTERIA. 
60. Steinar Westin: UNEMPLOYMENT AND HEALTH: Medical and social consequences of a 
factory closure in a ten-year controlled follow-up study. 
61. Ylva Sahlin: INJURY REGISTRATION, a tool for accident preventive work. 
62. Helge Bjørnstad Pettersen: BIOSYNTHESIS OF COMPLEMENT BY HUMAN ALVEOLAR 
MACROPHAGES WITH SPECIAL REFERENCE TO SARCOIDOSIS. 
63. Berit Schei: TRAPPED IN PAINFUL LOVE. 
64. Lars J. Vatten: PROSPECTIVE STUDIES OF THE RISK OF BREAST CANCER IN A 
COHORT OF NORWEGIAN WOMAN. 
1991 
65. Kåre Bergh: APPLICATIONS OF ANTI-C5a SPECIFIC MONOCLONAL ANTIBODIES FOR 
THE ASSESSMENT OF COMPLEMENT ACTIVATION. 
66. Svein Svenningsen: THE CLINICAL SIGNIFICANCE OF INCREASED FEMORAL 
ANTEVERSION. 
67. Olbjørn Klepp: NONSEMINOMATOUS GERM CELL TESTIS CANCER: THERAPEUTIC 
OUTCOME AND PROGNOSTIC FACTORS. 
68. Trond Sand: THE EFFECTS OF CLICK POLARITY ON BRAINSTEM AUDITORY 
EVOKED POTENTIALS AMPLITUDE, DISPERSION, AND LATENCY VARIABLES. 
69. Kjetil B. Åsbakk: STUDIES OF A PROTEIN FROM PSORIATIC SCALE, PSO P27, WITH 
RESPECT TO ITS POTENTIAL ROLE IN IMMUNE REACTIONS IN PSORIASIS. 
70. Arnulf Hestnes: STUDIES ON DOWN´S SYNDROME. 
71. Randi Nygaard: LONG-TERM SURVIVAL IN CHILDHOOD LEUKEMIA. 
72. Bjørn Hagen: THIO-TEPA. 
73. Svein Anda: EVALUATION OF THE HIP JOINT BY COMPUTED TOMOGRAMPHY AND 
ULTRASONOGRAPHY. 
1992 
74. Martin Svartberg: AN INVESTIGATION OF PROCESS AND OUTCOME OF SHORT-TERM 
PSYCHODYNAMIC PSYCHOTHERAPY. 
75. Stig Arild Slørdahl: AORTIC REGURGITATION. 
76. Harold C Sexton: STUDIES RELATING TO THE TREATMENT OF SYMPTOMATIC NON-
PSYCHOTIC PATIENTS. 
77. Maurice B. Vincent: VASOACTIVE PEPTIDES IN THE OCULAR/FOREHEAD AREA. 
78. Terje Johannessen: CONTROLLED TRIALS IN SINGLE SUBJECTS. 
79. Turid Nilsen: PYROPHOSPHATE IN HEPATOCYTE IRON METABOLISM. 
80. Olav Haraldseth: NMR SPECTROSCOPY OF CEREBRAL ISCHEMIA AND REPERFUSION 
IN RAT. 
81. Eiliv Brenna: REGULATION OF FUNCTION AND GROWTH OF THE OXYNTIC 
MUCOSA. 
1993 
82. Gunnar Bovim: CERVICOGENIC HEADACHE. 
83. Jarl Arne Kahn: ASSISTED PROCREATION. 
84. Bjørn Naume: IMMUNOREGULATORY EFFECTS OF CYTOKINES ON NK CELLS. 
85. Rune Wiseth: AORTIC VALVE REPLACEMENT. 
86. Jie Ming Shen: BLOOD FLOW VELOCITY AND RESPIRATORY STUDIES. 
87. Piotr Kruszewski: SUNCT SYNDROME WITH SPECIAL REFERENCE TO THE 
AUTONOMIC NERVOUS SYSTEM. 
88. Mette Haase Moen: ENDOMETRIOSIS. 
89. Anne Vik: VASCULAR GAS EMBOLISM DURING AIR INFUSION AND AFTER 
DECOMPRESSION IN PIGS. 
90. Lars Jacob Stovner: THE CHIARI TYPE I MALFORMATION. 
91. Kjell Å. Salvesen: ROUTINE ULTRASONOGRAPHY IN UTERO AND DEVELOPMENT IN 
CHILDHOOD. 
1994 
92. Nina-Beate Liabakk: DEVELOPMENT OF IMMUNOASSAYS FOR TNF AND ITS 
SOLUBLE RECEPTORS. 
93. Sverre Helge Torp: erbB ONCOGENES IN HUMAN GLIOMAS AND MENINGIOMAS. 
94. Olav M. Linaker: MENTAL RETARDATION AND PSYCHIATRY. Past and present. 
95. Per Oscar Feet: INCREASED ANTIDEPRESSANT AND ANTIPANIC EFFECT IN 
COMBINED TREATMENT WITH DIXYRAZINE AND TRICYCLIC ANTIDEPRESSANTS. 
96. Stein Olav Samstad: CROSS SECTIONAL FLOW VELOCITY PROFILES FROM TWO-
DIMENSIONAL DOPPLER ULTRASOUND: Studies on early mitral blood flow. 
97. Bjørn Backe: STUDIES IN ANTENATAL CARE. 
98. Gerd Inger Ringdal: QUALITY OF LIFE IN CANCER PATIENTS. 
99. Torvid Kiserud: THE DUCTUS VENOSUS IN THE HUMAN FETUS. 
100. Hans E. Fjøsne: HORMONAL REGULATION OF PROSTATIC METABOLISM. 
101. Eylert Brodtkorb: CLINICAL ASPECTS OF EPILEPSY IN THE MENTALLY RETARDED. 
102. Roar Juul: PEPTIDERGIC MECHANISMS IN HUMAN SUBARACHNOID HEMORRHAGE. 
103. Unni Syversen: CHROMOGRANIN A. Phsysiological and Clinical Role. 
1995 
104. Odd Gunnar Brakstad: THERMOSTABLE NUCLEASE AND THE nuc GENE IN THE 
DIAGNOSIS OF Staphylococcus aureus INFECTIONS. 
105. Terje Engan: NUCLEAR MAGNETIC RESONANCE (NMR) SPECTROSCOPY OF PLASMA 
IN MALIGNANT DISEASE. 
106. Kirsten Rasmussen: VIOLENCE IN THE MENTALLY DISORDERED. 
107. Finn Egil Skjeldestad: INDUCED ABORTION: Timetrends and Determinants. 
108. Roar Stenseth: THORACIC EPIDURAL ANALGESIA IN AORTOCORONARY BYPASS 
SURGERY. 
109. Arild Faxvaag: STUDIES OF IMMUNE CELL FUNCTION in mice infected with MURINE 
RETROVIRUS. 
1996 
110. Svend Aakhus: NONINVASIVE COMPUTERIZED ASSESSMENT OF LEFT 
VENTRICULAR FUNCTION AND SYSTEMIC ARTERIAL PROPERTIES. Methodology and 
some clinical applications. 
111. Klaus-Dieter Bolz: INTRAVASCULAR ULTRASONOGRAPHY. 
112. Petter Aadahl: CARDIOVASCULAR EFFECTS OF THORACIC AORTIC CROSS-
CLAMPING. 
113. Sigurd Steinshamn: CYTOKINE MEDIATORS DURING GRANULOCYTOPENIC 
INFECTIONS. 
114. Hans Stifoss-Hanssen: SEEKING MEANING OR HAPPINESS? 
115. Anne Kvikstad: LIFE CHANGE EVENTS AND MARITAL STATUS IN RELATION TO 
RISK AND PROGNOSIS OF CANCER. 
116. Torbjørn Grøntvedt: TREATMENT OF ACUTE AND CHRONIC ANTERIOR CRUCIATE 
LIGAMENT INJURIES. A clinical and biomechanical study. 
117. Sigrid Hørven Wigers: CLINICAL STUDIES OF FIBROMYALGIA WITH FOCUS ON 
ETIOLOGY, TREATMENT AND OUTCOME. 
118. Jan Schjøtt: MYOCARDIAL PROTECTION: Functional and Metabolic Characteristics of Two 
Endogenous Protective Principles. 
119. Marit Martinussen: STUDIES OF INTESTINAL BLOOD FLOW AND ITS RELATION TO 
TRANSITIONAL CIRCULATORY ADAPATION IN NEWBORN INFANTS. 
120. Tomm B. Müller: MAGNETIC RESONANCE IMAGING IN FOCAL CEREBRAL 
ISCHEMIA. 
121. Rune Haaverstad: OEDEMA FORMATION OF THE LOWER EXTREMITIES. 
122. Magne Børset: THE ROLE OF CYTOKINES IN MULTIPLE MYELOMA, WITH SPECIAL 
REFERENCE TO HEPATOCYTE GROWTH FACTOR. 
123. Geir Smedslund: A THEORETICAL AND EMPIRICAL INVESTIGATION OF SMOKING, 
STRESS AND DISEASE: RESULTS FROM A POPULATION SURVEY. 
1997 
124. Torstein Vik: GROWTH, MORBIDITY, AND PSYCHOMOTOR DEVELOPMENT IN 
INFANTS WHO WERE GROWTH RETARDED IN UTERO. 
125. Siri Forsmo: ASPECTS AND CONSEQUENCES OF OPPORTUNISTIC SCREENING FOR 
CERVICAL CANCER. Results based on data from three Norwegian counties. 
126. Jon S. Skranes: CEREBRAL MRI AND NEURODEVELOPMENTAL OUTCOME IN VERY 
LOW BIRTH WEIGHT (VLBW) CHILDREN. A follow-up study of a geographically based 
year cohort of VLBW children at ages one and six years. 
127. Knut Bjørnstad: COMPUTERIZED ECHOCARDIOGRAPHY FOR EVALUTION OF 
CORONARY ARTERY DISEASE. 
128. Grethe Elisabeth Borchgrevink: DIAGNOSIS AND TREATMENT OF WHIPLASH/NECK 
SPRAIN INJURIES CAUSED BY CAR ACCIDENTS. 
129. Tor Elsås: NEUROPEPTIDES AND NITRIC OXIDE SYNTHASE IN OCULAR 
AUTONOMIC AND SENSORY NERVES. 
130. Rolf W. Gråwe: EPIDEMIOLOGICAL AND NEUROPSYCHOLOGICAL PERSPECTIVES 
ON SCHIZOPHRENIA. 
131. Tonje Strømholm: CEREBRAL HAEMODYNAMICS DURING THORACIC AORTIC 
CROSSCLAMPING. An experimental study in pigs. 
1998 
132. Martinus Bråten: STUDIES ON SOME PROBLEMS REALTED TO INTRAMEDULLARY 
NAILING OF FEMORAL FRACTURES. 
133. Ståle Nordgård: PROLIFERATIVE ACTIVITY AND DNA CONTENT AS PROGNOSTIC 
INDICATORS IN ADENOID CYSTIC CARCINOMA OF THE HEAD AND NECK. 
134. Egil Lien: SOLUBLE RECEPTORS FOR TNF AND LPS: RELEASE PATTERN AND 
POSSIBLE SIGNIFICANCE IN DISEASE. 
135. Marit Bjørgaas: HYPOGLYCAEMIA IN CHILDREN WITH DIABETES MELLITUS 
136. Frank Skorpen: GENETIC AND FUNCTIONAL ANALYSES OF DNA REPAIR IN HUMAN 
CELLS. 
137. Juan A. Pareja: SUNCT SYNDROME. ON THE CLINICAL PICTURE. ITS DISTINCTION 
FROM OTHER, SIMILAR HEADACHES. 
138. Anders Angelsen: NEUROENDOCRINE CELLS IN HUMAN PROSTATIC CARCINOMAS 
AND THE PROSTATIC COMPLEX OF RAT, GUINEA PIG, CAT AND DOG. 
139. Fabio Antonaci: CHRONIC  PAROXYSMAL HEMICRANIA AND HEMICRANIA 
CONTINUA: TWO DIFFERENT ENTITIES? 
140. Sven M. Carlsen: ENDOCRINE AND METABOLIC EFFECTS OF METFORMIN WITH 
SPECIAL EMPHASIS ON CARDIOVASCULAR RISK FACTORES. 
1999 
141. Terje A. Murberg: DEPRESSIVE SYMPTOMS AND COPING AMONG PATIENTS WITH 
CONGESTIVE HEART FAILURE. 
142. Harm-Gerd Karl Blaas: THE EMBRYONIC EXAMINATION. Ultrasound studies on the 
development of the human embryo. 
143. Noèmi Becser Andersen:THE CEPHALIC SENSORY NERVES IN UNILATERAL 
HEADACHES. Anatomical background and neurophysiological evaluation. 
144. Eli-Janne Fiskerstrand: LASER TREATMENT OF PORT WINE STAINS. A study of the 
efficacy and limitations of the pulsed dye laser. Clinical and morfological analyses aimed at 
improving the therapeutic outcome. 
145. Bård Kulseng: A STUDY OF ALGINATE CAPSULE PROPERTIES AND CYTOKINES IN 
RELATION TO INSULIN DEPENDENT DIABETES MELLITUS. 
146. Terje Haug: STRUCTURE AND REGULATION OF THE HUMAN UNG GENE ENCODING 
URACIL-DNA GLYCOSYLASE. 
147. Heidi Brurok: MANGANESE AND THE HEART. A Magic Metal with Diagnostic and 
Therapeutic Possibilites. 
148. Agnes Kathrine Lie: DIAGNOSIS AND PREVALENCE OF HUMAN PAPILLOMAVIRUS 
INFECTION IN CERVICAL INTRAEPITELIAL NEOPLASIA. Relationship to Cell Cycle 
Regulatory Proteins and HLA DQBI Genes. 
149. Ronald Mårvik: PHARMACOLOGICAL, PHYSIOLOGICAL AND 
PATHOPHYSIOLOGICAL STUDIES ON ISOLATED STOMACS. 
150. Ketil Jarl Holen: THE ROLE OF ULTRASONOGRAPHY IN THE DIAGNOSIS AND 
TREATMENT OF HIP DYSPLASIA IN NEWBORNS. 
151. Irene Hetlevik:  THE ROLE OF CLINICAL GUIDELINES IN CARDIOVASCULAR RISK 
INTERVENTION IN GENERAL PRACTICE. 
152. Katarina Tunòn: ULTRASOUND AND PREDICTION OF GESTATIONAL AGE. 
153. Johannes Soma: INTERACTION BETWEEN THE LEFT VENTRICLE AND THE SYSTEMIC 
ARTERIES. 
154. Arild Aamodt: DEVELOPMENT AND PRE-CLINICAL EVALUATION OF A CUSTOM-
MADE FEMORAL STEM. 
155. Agnar Tegnander: DIAGNOSIS AND FOLLOW-UP OF CHILDREN WITH SUSPECTED OR 
KNOWN HIP DYSPLASIA. 
156. Bent Indredavik: STROKE UNIT TREATMENT: SHORT AND LONG-TERM EFFECTS 
157. Jolanta Vanagaite Vingen: PHOTOPHOBIA AND PHONOPHOBIA IN PRIMARY 
HEADACHES 
2000 
158. Ola Dalsegg Sæther: PATHOPHYSIOLOGY DURING PROXIMAL AORTIC CROSS-
CLAMPING CLINICAL AND EXPERIMENTAL STUDIES 
159. xxxxxxxxx (blind number) 
160. Christina Vogt Isaksen: PRENATAL ULTRASOUND AND POSTMORTEM FINDINGS – A 
TEN YEAR CORRELATIVE STUDY OF FETUSES AND INFANTS WITH 
DEVELOPMENTAL ANOMALIES. 
161. Holger Seidel: HIGH-DOSE METHOTREXATE THERAPY IN CHILDREN WITH ACUTE 
LYMPHOCYTIC LEUKEMIA: DOSE, CONCENTRATION, AND EFFECT 
CONSIDERATIONS. 
162. Stein Hallan: IMPLEMENTATION OF MODERN MEDICAL DECISION ANALYSIS INTO 
CLINICAL DIAGNOSIS AND TREATMENT. 
163. Malcolm Sue-Chu: INVASIVE AND NON-INVASIVE STUDIES IN CROSS-COUNTRY 
SKIERS WITH ASTHMA-LIKE SYMPTOMS. 
164. Ole-Lars Brekke: EFFECTS OF ANTIOXIDANTS AND FATTY ACIDS ON TUMOR 
NECROSIS FACTOR-INDUCED CYTOTOXICITY. 
165. Jan Lundbom: AORTOCORONARY BYPASS SURGERY: CLINICAL ASPECTS, COST 
CONSIDERATIONS AND WORKING ABILITY. 
166. John-Anker Zwart: LUMBAR NERVE ROOT COMPRESSION, BIOCHEMICAL AND 
NEUROPHYSIOLOGICAL ASPECTS. 
167. Geir Falck: HYPEROSMOLALITY AND THE HEART. 
168. Eirik Skogvoll: CARDIAC ARREST Incidence, Intervention and Outcome. 
169. Dalius Bansevicius: SHOULDER-NECK REGION IN CERTAIN HEADACHES AND 
CHRONIC PAIN SYNDROMES. 
170. Bettina Kinge: REFRACTIVE ERRORS AND BIOMETRIC CHANGES AMONG 
UNIVERSITY STUDENTS IN NORWAY. 
171. Gunnar Qvigstad: CONSEQUENCES OF HYPERGASTRINEMIA IN MAN 
172. Hanne Ellekjær: EPIDEMIOLOGICAL STUDIES OF STROKE IN A NORWEGIAN 
POPULATION. INCIDENCE, RISK FACTORS AND PROGNOSIS 
173. Hilde Grimstad: VIOLENCE AGAINST WOMEN AND PREGNANCY OUTCOME. 
174. Astrid Hjelde: SURFACE TENSION AND COMPLEMENT ACTIVATION: Factors 
influencing bubble formation and bubble effects after decompression. 
175. Kjell A. Kvistad: MR IN BREAST CANCER – A CLINICAL STUDY. 
176. Ivar Rossvoll: ELECTIVE ORTHOPAEDIC SURGERY IN A DEFINED POPULATION. 
Studies on demand, waiting time for treatment and incapacity for work. 
177. Carina Seidel: PROGNOSTIC VALUE AND BIOLOGICAL EFFECTS OF HEPATOCYTE 
GROWTH FACTOR AND SYNDECAN-1 IN MULTIPLE MYELOMA. 
2001 
178. Alexander Wahba: THE INFLUENCE OF CARDIOPULMONARY BYPASS ON PLATELET 
FUNCTION AND BLOOD COAGULATION – DETERMINANTS AND CLINICAL 
CONSEQUENSES 
179. Marcus Schmitt-Egenolf: THE RELEVANCE OF THE MAJOR hISTOCOMPATIBILITY 
COMPLEX FOR THE GENETICS OF PSORIASIS 
180. Odrun Arna Gederaas: BIOLOGICAL MECHANISMS INVOLVED IN 5-AMINOLEVULINIC 
ACID BASED PHOTODYNAMIC THERAPY 
181. Pål Richard Romundstad: CANCER INCIDENCE AMONG NORWEGIAN ALUMINIUM 
WORKERS 
182. Henrik Hjorth-Hansen: NOVEL CYTOKINES IN GROWTH CONTROL AND BONE 
DISEASE OF MULTIPLE MYELOMA 
183. Gunnar Morken: SEASONAL VARIATION OF HUMAN MOOD AND BEHAVIOUR 
184. Bjørn Olav Haugen: MEASUREMENT OF CARDIAC OUTPUT AND STUDIES OF 
VELOCITY PROFILES IN AORTIC AND MITRAL FLOW USING TWO- AND THREE-
DIMENSIONAL COLOUR FLOW IMAGING 
185. Geir Bråthen: THE CLASSIFICATION AND CLINICAL DIAGNOSIS OF ALCOHOL-
RELATED SEIZURES 
186. Knut Ivar Aasarød: RENAL INVOLVEMENT IN INFLAMMATORY RHEUMATIC 
DISEASE. A Study of Renal Disease in Wegener’s Granulomatosis and in Primary Sjögren’s 
Syndrome  
187. Trude Helen Flo: RESEPTORS INVOLVED IN CELL ACTIVATION BY DEFINED URONIC 
ACID POLYMERS AND BACTERIAL COMPONENTS 
188. Bodil Kavli: HUMAN URACIL-DNA GLYCOSYLASES FROM THE UNG GENE: 
STRUCTRUAL BASIS FOR SUBSTRATE SPECIFICITY AND REPAIR 
189. Liv Thommesen: MOLECULAR MECHANISMS INVOLVED IN TNF- AND GASTRIN-
MEDIATED GENE REGULATION 
190. Turid Lingaas Holmen: SMOKING AND HEALTH IN ADOLESCENCE; THE NORD-
TRØNDELAG HEALTH STUDY, 1995-97 
191. Øyvind Hjertner: MULTIPLE MYELOMA: INTERACTIONS BETWEEN MALIGNANT 
PLASMA CELLS AND THE BONE MICROENVIRONMENT 
192. Asbjørn Støylen: STRAIN RATE IMAGING OF THE LEFT VENTRICLE BY 
ULTRASOUND. FEASIBILITY, CLINICAL VALIDATION AND PHYSIOLOGICAL 
ASPECTS 
193. Kristian Midthjell: DIABETES IN ADULTS IN NORD-TRØNDELAG. PUBLIC HEALTH 
ASPECTS OF DIABETES MELLITUS IN A LARGE, NON-SELECTED NORWEGIAN 
POPULATION. 
194. Guanglin Cui: FUNCTIONAL ASPECTS OF THE ECL CELL IN RODENTS 
195. Ulrik Wisløff: CARDIAC EFFECTS OF AEROBIC ENDURANCE TRAINING: 
HYPERTROPHY, CONTRACTILITY AND CALCUIM HANDLING IN NORMAL AND 
FAILING HEART 
196. Øyvind Halaas: MECHANISMS OF IMMUNOMODULATION AND CELL-MEDIATED 
CYTOTOXICITY INDUCED BY BACTERIAL PRODUCTS 
197. Tore Amundsen: PERFUSION MR IMAGING IN THE DIAGNOSIS OF PULMONARY 
EMBOLISM 
198. Nanna Kurtze: THE SIGNIFICANCE OF ANXIETY AND DEPRESSION IN FATIQUE AND 
PATTERNS OF PAIN AMONG INDIVIDUALS DIAGNOSED WITH FIBROMYALGIA: 
RELATIONS WITH QUALITY OF LIFE, FUNCTIONAL DISABILITY, LIFESTYLE, 
EMPLOYMENT STATUS, CO-MORBIDITY AND GENDER 
199. Tom Ivar Lund Nilsen: PROSPECTIVE STUDIES OF CANCER RISK IN NORD-
TRØNDELAG: THE HUNT STUDY. Associations with anthropometric, socioeconomic, and 
lifestyle risk factors 
200. Asta Kristine Håberg: A NEW APPROACH TO THE STUDY OF MIDDLE CEREBRAL 
ARTERY OCCLUSION IN THE RAT USING MAGNETIC RESONANCE TECHNIQUES 
2002 
201. Knut Jørgen Arntzen: PREGNANCY AND CYTOKINES 
202. Henrik Døllner: INFLAMMATORY MEDIATORS IN PERINATAL INFECTIONS 
203. Asta Bye: LOW FAT, LOW LACTOSE DIET USED AS PROPHYLACTIC TREATMENT OF 
ACUTE INTESTINAL REACTIONS DURING PELVIC RADIOTHERAPY. A 
PROSPECTIVE RANDOMISED STUDY. 
204. Sylvester Moyo: STUDIES ON STREPTOCOCCUS AGALACTIAE  (GROUP B 
STREPTOCOCCUS) SURFACE-ANCHORED MARKERS WITH EMPHASIS ON STRAINS 
AND HUMAN SERA FROM ZIMBABWE. 
205. Knut Hagen: HEAD-HUNT: THE EPIDEMIOLOGY OF HEADACHE IN NORD-
TRØNDELAG 
206. Li Lixin: ON THE REGULATION AND ROLE OF UNCOUPLING PROTEIN-2 IN INSULIN 
PRODUCING ß-CELLS 
207. Anne Hildur Henriksen: SYMPTOMS OF ALLERGY AND ASTHMA VERSUS MARKERS 
OF LOWER AIRWAY INFLAMMATION AMONG ADOLESCENTS 
208. Egil Andreas Fors: NON-MALIGNANT PAIN IN RELATION TO PSYCHOLOGICAL AND 
ENVIRONTENTAL FACTORS. EXPERIENTAL AND CLINICAL STUDES OF PAIN WITH 
FOCUS ON FIBROMYALGIA 
209. Pål Klepstad:  MORPHINE FOR CANCER PAIN 
210. Ingunn Bakke: MECHANISMS AND CONSEQUENCES OF PEROXISOME 
PROLIFERATOR-INDUCED HYPERFUNCTION OF THE RAT GASTRIN PRODUCING 
CELL 
211. Ingrid Susann Gribbestad: MAGNETIC RESONANCE IMAGING AND SPECTROSCOPY OF 
BREAST CANCER 
212. Rønnaug Astri Ødegård: PREECLAMPSIA – MATERNAL RISK FACTORS AND FETAL 
GROWTH 
213. Johan Haux: STUDIES ON CYTOTOXICITY INDUCED BY HUMAN NATURAL KILLER 
CELLS AND DIGITOXIN 
214. Turid Suzanne Berg-Nielsen: PARENTING PRACTICES AND MENTALLY DISORDERED 
ADOLESCENTS 
215. Astrid Rydning: BLOOD FLOW AS A PROTECTIVE FACTOR FOR THE STOMACH 
MUCOSA. AN EXPERIMENTAL STUDY ON THE ROLE OF MAST CELLS AND 
SENSORY AFFERENT NEURONS 
2003 
216. Jan Pål Loennechen: HEART FAILURE AFTER MYOCARDIAL INFARCTION. Regional 
Differences, Myocyte Function, Gene Expression, and Response to Cariporide, Losartan, and 
Exercise Training. 
217. Elisabeth Qvigstad: EFFECTS OF FATTY ACIDS AND OVER-STIMULATION ON 
INSULIN SECRETION IN MAN 
218. Arne Åsberg: EPIDEMIOLOGICAL STUDIES IN HEREDITARY HEMOCHROMATOSIS: 
PREVALENCE, MORBIDITY AND BENEFIT OF SCREENING. 
219. Johan Fredrik Skomsvoll: REPRODUCTIVE OUTCOME IN WOMEN WITH RHEUMATIC 
DISEASE. A population registry based study of the effects of inflammatory rheumatic disease 
and connective tissue disease on reproductive outcome in Norwegian women in 1967-1995. 
220. Siv Mørkved: URINARY INCONTINENCE DURING PREGNANCY AND AFTER  
DELIVERY: EFFECT OF PELVIC FLOOR MUSCLE TRAINING IN PREVENTION AND 
TREATMENT 
221. Marit S. Jordhøy: THE IMPACT OF COMPREHENSIVE PALLIATIVE CARE 
222. Tom Christian Martinsen: HYPERGASTRINEMIA AND HYPOACIDITY IN RODENTS – 
CAUSES AND CONSEQUENCES  
223. Solveig Tingulstad: CENTRALIZATION OF PRIMARY SURGERY FOR OVARAIN 
CANCER. FEASIBILITY AND IMPACT ON SURVIVAL  
224. Haytham Eloqayli: METABOLIC CHANGES IN THE BRAIN CAUSED BY EPILEPTIC 
SEIZURES 
225. Torunn Bruland: STUDIES OF EARLY RETROVIRUS-HOST INTERACTIONS – VIRAL 
DETERMINANTS FOR PATHOGENESIS AND THE INFLUENCE OF SEX ON THE 
SUSCEPTIBILITY TO FRIEND MURINE LEUKAEMIA VIRUS INFECTION 
226. Torstein Hole: DOPPLER ECHOCARDIOGRAPHIC EVALUATION OF LEFT 
VENTRICULAR FUNCTION IN PATIENTS WITH ACUTE MYOCARDIAL INFARCTION 
227. Vibeke Nossum: THE EFFECT OF VASCULAR BUBBLES ON ENDOTHELIAL FUNCTION 
228. Sigurd Fasting: ROUTINE BASED RECORDING OF ADVERSE EVENTS DURING 
ANAESTHESIA – APPLICATION IN QUALITY IMPROVEMENT AND SAFETY 
229. Solfrid Romundstad: EPIDEMIOLOGICAL STUDIES OF MICROALBUMINURIA. THE 
NORD-TRØNDELAG HEALTH STUDY 1995-97 (HUNT 2) 
230. Geir Torheim: PROCESSING OF DYNAMIC DATA SETS IN MAGNETIC RESONANCE 
IMAGING 
231. Catrine Ahlén: SKIN INFECTIONS IN OCCUPATIONAL SATURATION DIVERS IN THE 
NORTH SEA AND THE IMPACT OF THE ENVIRONMENT 
232. Arnulf Langhammer: RESPIRATORY SYMPTOMS, LUNG FUNCTION AND BONE 
MINERAL DENSITY IN A COMPREHENSIVE POPULATION SURVEY. THE NORD-
TRØNDELAG HEALTH STUDY 1995-97. THE BRONCHIAL OBSTRUCTION IN NORD-
TRØNDELAG STUDY 
233. Einar Kjelsås: EATING DISORDERS AND PHYSICAL ACTIVITY IN NON-CLINICAL 
SAMPLES 
234. Arne Wibe: RECTAL CANCER TREATMENT IN NORWAY – STANDARDISATION OF 
SURGERY AND QUALITY ASSURANCE 
2004 
235. Eivind Witsø: BONE GRAFT AS AN ANTIBIOTIC CARRIER 
236. Anne Mari Sund: DEVELOPMENT OF DEPRESSIVE SYMPTOMS IN EARLY 
ADOLESCENCE   
237. Hallvard Lærum: EVALUATION OF ELECTRONIC MEDICAL RECORDS – A CLINICAL 
TASK PERSPECTIVE  
238. Gustav Mikkelsen: ACCESSIBILITY OF INFORMATION IN ELECTRONIC PATIENT 
RECORDS; AN EVALUATION OF THE ROLE OF DATA QUALITY 
239. Steinar Krokstad: SOCIOECONOMIC INEQUALITIES IN HEALTH AND DISABILITY. 
SOCIAL EPIDEMIOLOGY IN THE NORD-TRØNDELAG HEALTH STUDY (HUNT), 
NORWAY 
240. Arne Kristian Myhre: NORMAL VARIATION IN ANOGENITAL ANATOMY AND 
MICROBIOLOGY IN NON-ABUSED PRESCHOOL CHILDREN 
241. Ingunn Dybedal: NEGATIVE REGULATORS OF HEMATOPOIETEC STEM AND 
PROGENITOR CELLS 
242. Beate Sitter: TISSUE CHARACTERIZATION BY HIGH RESOLUTION MAGIC ANGLE 
SPINNING MR SPECTROSCOPY 
243. Per Arne Aas: MACROMOLECULAR MAINTENANCE IN HUMAN CELLS – REPAIR OF 
URACIL IN DNA AND METHYLATIONS IN DNA AND RNA 
244. Anna Bofin:  FINE NEEDLE ASPIRATION CYTOLOGY IN THE PRIMARY 
INVESTIGATION OF BREAST TUMOURS AND IN THE DETERMINATION OF 
TREATMENT STRATEGIES 
245. Jim Aage Nøttestad: DEINSTITUTIONALIZATION AND MENTAL HEALTH CHANGES 
AMONG PEOPLE WITH MENTAL RETARDATION 
246. Reidar Fossmark:  GASTRIC CANCER IN JAPANESE COTTON RATS 
247. Wibeke Nordhøy:  MANGANESE AND THE HEART, INTRACELLULAR MR 
RELAXATION AND WATER EXCHANGE ACROSS THE CARDIAC CELL MEMBRANE 
2005 
248. Sturla Molden:  QUANTITATIVE ANALYSES OF SINGLE UNITS RECORDED FROM THE 
HIPPOCAMPUS AND ENTORHINAL CORTEX OF BEHAVING RATS 
249. Wenche Brenne Drøyvold:  EPIDEMIOLOGICAL STUDIES ON WEIGHT CHANGE AND 
HEALTH IN A LARGE POPULATION.  THE NORD-TRØNDELAG HEALTH STUDY 
(HUNT) 
250. Ragnhild Støen:  ENDOTHELIUM-DEPENDENT VASODILATION IN THE FEMORAL 
ARTERY OF DEVELOPING PIGLETS 
251. Aslak Steinsbekk:  HOMEOPATHY IN THE PREVENTION OF UPPER RESPIRATORY 
TRACT INFECTIONS IN CHILDREN 
252. Hill-Aina Steffenach:  MEMORY IN HIPPOCAMPAL AND CORTICO-HIPPOCAMPAL 
CIRCUITS 
253. Eystein Stordal:  ASPECTS OF THE EPIDEMIOLOGY OF DEPRESSIONS BASED ON 
SELF-RATING IN A LARGE GENERAL HEALTH STUDY (THE HUNT-2 STUDY) 
254. Viggo Pettersen:  FROM MUSCLES TO SINGING:  THE ACTIVITY OF ACCESSORY 
BREATHING MUSCLES AND THORAX  MOVEMENT IN CLASSICAL SINGING 
255. Marianne Fyhn:  SPATIAL MAPS IN THE HIPPOCAMPUS AND ENTORHINAL CORTEX 
256. Robert Valderhaug:  OBSESSIVE-COMPULSIVE DISORDER AMONG CHILDREN AND 
ADOLESCENTS:  CHARACTERISTICS AND PSYCHOLOGICAL MANAGEMENT OF 
PATIENTS IN OUTPATIENT PSYCHIATRIC CLINICS 
257. Erik Skaaheim Haug:  INFRARENAL ABDOMINAL  AORTIC ANEURYSMS – 
COMORBIDITY AND RESULTS FOLLOWING OPEN SURGERY 
258. Daniel Kondziella: GLIAL-NEURONAL INTERACTIONS IN EXPERIMENTAL BRAIN 
DISORDERS 
259. Vegard Heimly Brun:  ROUTES TO SPATIAL MEMORY IN HIPPOCAMPAL PLACE 
CELLS 
260. Kenneth McMillan:  PHYSIOLOGICAL ASSESSMENT AND TRAINING OF ENDURANCE 
AND STRENGTH IN PROFESSIONAL YOUTH SOCCER PLAYERS 
261. Marit Sæbø Indredavik:  MENTAL HEALTH AND CEREBRAL MAGNETIC RESONANCE 
IMAGING IN ADOLESCENTS WITH LOW BIRTH WEIGHT 
262. Ole Johan Kemi:  ON THE CELLULAR BASIS OF AEROBIC FITNESS, INTENSITY-
DEPENDENCE AND TIME-COURSE OF CARDIOMYOCYTE AND ENDOTHELIAL 
ADAPTATIONS TO EXERCISE TRAINING 
263. Eszter Vanky: POLYCYSTIC OVARY SYNDROME – METFORMIN TREATMENT IN 
PREGNANCY 
264. Hild Fjærtoft:  EXTENDED STROKE UNIT SERVICE AND EARLY SUPPORTED 
DISCHARGE.  SHORT AND LONG-TERM EFFECTS   
265. Grete Dyb:  POSTTRAUMATIC STRESS REACTIONS IN CHILDREN AND 
ADOLESCENTS 
266. Vidar Fykse: SOMATOSTATIN AND THE STOMACH 
267. Kirsti Berg: OXIDATIVE STRESS AND THE ISCHEMIC HEART:  A STUDY IN PATIENTS 
UNDERGOING CORONARY REVASCULARIZATION  
268. Björn Inge Gustafsson:  THE SEROTONIN PRODUCING ENTEROCHROMAFFIN CELL, 
AND EFFECTS OF HYPERSEROTONINEMIA ON HEART AND BONE 
2006 
269. Torstein Baade Rø:  EFFECTS OF BONE MORPHOGENETIC PROTEINS, HEPATOCYTE 
GROWTH FACTOR AND INTERLEUKIN-21 IN MULTIPLE MYELOMA 
270. May-Britt Tessem:  METABOLIC EFFECTS OF ULTRAVIOLET RADIATION ON THE 
ANTERIOR PART OF THE EYE 
271. Anne-Sofie Helvik:  COPING AND EVERYDAY LIFE IN A POPULATION OF ADULTS 
WITH HEARING IMPAIRMENT 
272. Therese Standal:  MULTIPLE MYELOMA:  THE INTERPLAY BETWEEN MALIGNANT 
PLASMA CELLS AND THE BONE MARROW MICROENVIRONMENT 
273. Ingvild Saltvedt:  TREATMENT OF ACUTELY SICK, FRAIL ELDERLY PATIENTS IN A 
GERIATRIC EVALUATION AND MANAGEMENT UNIT – RESULTS FROM A 
PROSPECTIVE RANDOMISED TRIAL 
274. Birger Henning Endreseth:  STRATEGIES IN RECTAL CANCER TREATMENT – FOCUS 
ON EARLY RECTAL CANCER AND THE INFLUENCE OF AGE ON PROGNOSIS 
275. Anne Mari Aukan Rokstad:  ALGINATE CAPSULES AS BIOREACTORS FOR CELL 
THERAPY 
276. Mansour Akbari: HUMAN BASE EXCISION REPAIR FOR PRESERVATION OF GENOMIC 
STABILITY 
277. Stein Sundstrøm:  IMPROVING TREATMENT IN PATIENTS WITH LUNG CANCER – 
RESULTS FROM TWO MULITCENTRE RANDOMISED STUDIES 
278. Hilde Pleym: BLEEDING AFTER CORONARY ARTERY BYPASS SURGERY -  STUDIES 
ON HEMOSTATIC MECHANISMS, PROPHYLACTIC DRUG TREATMENT AND 
EFFECTS OF AUTOTRANSFUSION 
279. Line Merethe Oldervoll:  PHYSICAL ACTIVITY AND EXERCISE INTERVENTIONS IN 
CANCER PATIENTS 
280. Boye Welde:  THE SIGNIFICANCE OF ENDURANCE TRAINING, RESISTANCE 
TRAINING AND MOTIVATIONAL STYLES IN ATHLETIC PERFORMANCE AMONG 
ELITE JUNIOR CROSS-COUNTRY SKIERS 
281. Per Olav Vandvik:  IRRITABLE BOWEL SYNDROME IN NORWAY,  STUDIES OF 
PREVALENCE, DIAGNOSIS AND CHARACTERISTICS IN GENERAL PRACTICE AND 
IN THE POPULATION 
282. Idar Kirkeby-Garstad:  CLINICAL PHYSIOLOGY OF EARLY MOBILIZATION AFTER 
CARDIAC SURGERY 
283. Linn Getz: SUSTAINABLE AND RESPONSIBLE PREVENTIVE MEDICINE.  
CONCEPTUALISING ETHICAL DILEMMAS ARISING FROM CLINICAL 
IMPLEMENTATION OF ADVANCING MEDICAL TECHNOLOGY  
284. Eva Tegnander: DETECTION OF CONGENITAL HEART DEFECTS  IN A NON-SELECTED 
POPULATION OF 42,381 FETUSES 
285. Kristin Gabestad Nørsett:  GENE EXPRESSION STUDIES IN GASTROINTESTINAL 
PATHOPHYSIOLOGY AND NEOPLASIA 
286. Per Magnus Haram:  GENETIC VS. AQUIRED FITNESS:  METABOLIC, VASCULAR AND 
CARDIOMYOCYTE  ADAPTATIONS 
287. Agneta Johansson:  GENERAL RISK FACTORS FOR GAMBLING PROBLEMS AND THE 
PREVALENCE OF PATHOLOGICAL GAMBLING IN NORWAY  
288. Svein Artur Jensen:  THE PREVALENCE OF SYMPTOMATIC ARTERIAL DISEASE OF 
THE LOWER LIMB 
289. Charlotte Björk Ingul:  QUANITIFICATION OF REGIONAL MYOCARDIAL FUNCTION 
BY STRAIN RATE AND STRAIN FOR EVALUATION OF CORONARY ARTERY 
DISEASE.  AUTOMATED VERSUS MANUAL ANALYSIS DURING ACUTE 
MYOCARDIAL INFARCTION AND DOBUTAMINE STRESS ECHOCARDIOGRAPHY 
290. Jakob Nakling:  RESULTS AND CONSEQUENCES OF ROUTINE ULTRASOUND 
SCREENING IN PREGNANCY – A GEOGRAPHIC BASED POPULATION STUDY 
291. Anne Engum:  DEPRESSION AND ANXIETY – THEIR RELATIONS TO THYROID 
DYSFUNCTION AND DIABETES IN A LARGE EPIDEMIOLOGICAL STUDY 
292. Ottar Bjerkeset: ANXIETY AND DEPRESSION IN THE GENERAL POPULATION:  RISK 
FACTORS, INTERVENTION AND OUTCOME – THE NORD-TRØNDELAG HEALTH 
STUDY (HUNT) 
293. Jon Olav Drogset:  RESULTS AFTER SURGICAL TREATMENT OF ANTERIOR 
CRUCIATE LIGAMENT INJURIES – A CLINICAL STUDY  
294. Lars Fosse: MECHANICAL BEHAVIOUR OF COMPACTED MORSELLISED BONE – AN 
EXPERIMENTAL IN VITRO STUDY 
295. Gunilla Klensmeden Fosse: MENTAL HEALTH OF PSYCHIATRIC OUTPATIENTS 
BULLIED IN CHILDHOOD 
296. Paul Jarle Mork:  MUSCLE ACTIVITY IN WORK  AND LEISURE AND ITS ASSOCIATION 
TO MUSCULOSKELETAL PAIN 
297. Björn Stenström:  LESSONS FROM RODENTS:  I: MECHANISMS OF OBESITY SURGERY 
– ROLE OF STOMACH.  II: CARCINOGENIC EFFECTS OF HELICOBACTER PYLORI 
AND SNUS IN THE STOMACH 
2007 
298. Haakon R. Skogseth:  INVASIVE PROPERTIES OF CANCER – A TREATMENT TARGET ?  
IN VITRO STUDIES IN HUMAN PROSTATE CANCER CELL LINES 
299. Janniche Hammer:  GLUTAMATE METABOLISM AND CYCLING IN MESIAL 
TEMPORAL LOBE EPILEPSY 
300. May Britt Drugli:  YOUNG CHILDREN TREATED BECAUSE OF ODD/CD:  CONDUCT 
PROBLEMS AND SOCIAL COMPETENCIES IN DAY-CARE AND SCHOOL SETTINGS 
301. Arne Skjold:  MAGNETIC RESONANCE KINETICS OF MANGANESE DIPYRIDOXYL 
DIPHOSPHATE (MnDPDP) IN HUMAN MYOCARDIUM.  STUDIES IN HEALTHY 
VOLUNTEERS AND IN PATIENTS WITH RECENT MYOCARDIAL INFARCTION 
302. Siri Malm:  LEFT VENTRICULAR SYSTOLIC FUNCTION AND MYOCARDIAL 
PERFUSION ASSESSED BY CONTRAST ECHOCARDIOGRAPHY 
303. Valentina Maria do Rosario Cabral Iversen:  MENTAL HEALTH AND PSYCHOLOGICAL 
ADAPTATION OF CLINICAL AND NON-CLINICAL MIGRANT GROUPS 
304. Lasse Løvstakken:  SIGNAL PROCESSING IN DIAGNOSTIC ULTRASOUND:  
ALGORITHMS FOR REAL-TIME ESTIMATION AND VISUALIZATION OF BLOOD 
FLOW VELOCITY 
305. Elisabeth Olstad:  GLUTAMATE AND GABA:  MAJOR PLAYERS IN NEURONAL 
METABOLISM  
306. Lilian Leistad:  THE ROLE OF CYTOKINES AND PHOSPHOLIPASE A2
307. Arne Vaaler:  EFFECTS OF PSYCHIATRIC INTENSIVE CARE UNIT IN AN ACUTE 
PSYCIATHRIC WARD 
s  IN ARTICULAR 
CARTILAGE CHONDROCYTES IN RHEUMATOID ARTHRITIS AND OSTEOARTHRITIS 
308. Mathias Toft:  GENETIC STUDIES OF LRRK2 AND PINK1 IN PARKINSON’S DISEASE 
309. Ingrid Løvold Mostad:  IMPACT OF DIETARY FAT QUANTITY AND QUALITY IN TYPE 
2 DIABETES WITH EMPHASIS ON MARINE N-3 FATTY ACIDS 
310. Torill Eidhammer Sjøbakk:  MR DETERMINED BRAIN METABOLIC PATTERN IN 
PATIENTS WITH BRAIN METASTASES AND ADOLESCENTS WITH LOW BIRTH 
WEIGHT 
311. Vidar Beisvåg:  PHYSIOLOGICAL GENOMICS OF HEART FAILURE:  FROM 
TECHNOLOGY TO PHYSIOLOGY 
312. Olav Magnus Søndenå Fredheim:  HEALTH RELATED QUALITY OF LIFE ASSESSMENT 
AND ASPECTS OF THE CLINICAL PHARMACOLOGY OF METHADONE IN PATIENTS 
WITH CHRONIC NON-MALIGNANT PAIN 
313. Anne Brantberg: FETAL AND PERINATAL IMPLICATIONS OF ANOMALIES IN THE 
GASTROINTESTINAL TRACT AND THE ABDOMINAL WALL 
314. Erik Solligård: GUT LUMINAL MICRODIALYSIS 
315. Elin Tollefsen: RESPIRATORY SYMPTOMS IN A COMPREHENSIVE POPULATION 
BASED STUDY AMONG ADOLESCENTS 13-19 YEARS. YOUNG-HUNT 1995-97 AND 
2000-01; THE NORD-TRØNDELAG HEALTH STUDIES (HUNT) 
316. Anne-Tove Brenne:  GROWTH REGULATION OF MYELOMA CELLS 
317. Heidi Knobel:  FATIGUE IN CANCER TREATMENT – ASSESSMENT, COURSE AND 
ETIOLOGY 
318. Torbjørn Dahl:  CAROTID ARTERY STENOSIS.  DIAGNOSTIC AND THERAPEUTIC 
ASPECTS 
319. Inge-Andre Rasmussen jr.:  FUNCTIONAL AND DIFFUSION TENSOR MAGNETIC 
RESONANCE IMAGING IN NEUROSURGICAL PATIENTS 
320. Grete Helen Bratberg:  PUBERTAL TIMING – ANTECEDENT TO RISK OR RESILIENCE ?  
EPIDEMIOLOGICAL STUDIES ON GROWTH, MATURATION AND HEALTH RISK 
BEHAVIOURS; THE YOUNG HUNT STUDY, NORD-TRØNDELAG, NORWAY 
321. Sveinung Sørhaug:  THE PULMONARY NEUROENDOCRINE SYSTEM.  
PHYSIOLOGICAL, PATHOLOGICAL AND TUMOURIGENIC ASPECTS 
322. Olav Sande Eftedal:  ULTRASONIC DETECTION OF DECOMPRESSION INDUCED 
VASCULAR MICROBUBBLES 
323. Rune Bang Leistad:  PAIN, AUTONOMIC ACTIVATION AND MUSCULAR ACTIVITY 
RELATED TO EXPERIMENTALLY-INDUCED COGNITIVE STRESS IN HEADACHE 
PATIENTS 
324. Svein Brekke:  TECHNIQUES FOR ENHANCEMENT OF TEMPORAL RESOLUTION IN 
THREE-DIMENSIONAL ECHOCARDIOGRAPHY 
325. Kristian Bernhard Nilsen:  AUTONOMIC ACTIVATION AND MUSCLE ACTIVITY IN 
RELATION TO MUSCULOSKELETAL PAIN 
326. Anne Irene Hagen:  HEREDITARY BREAST CANCER IN NORWAY.  DETECTION AND 
PROGNOSIS OF BREAST CANCER IN FAMILIES WITH BRCA1GENE MUTATION 
327. Ingebjørg S. Juel :  INTESTINAL INJURY AND RECOVERY AFTER ISCHEMIA.  AN 
EXPERIMENTAL STUDY ON RESTITUTION OF THE SURFACE EPITHELIUM, 
INTESTINAL PERMEABILITY, AND RELEASE OF BIOMARKERS FROM THE MUCOSA 
328. Runa Heimstad:  POST-TERM PREGNANCY 
329. Jan Egil Afset:  ROLE OF ENTEROPATHOGENIC ESCHERICHIA COLI  IN CHILDHOOD 
DIARRHOEA IN NORWAY 
330. Bent Håvard Hellum:  IN VITRO INTERACTIONS BETWEEN MEDICINAL DRUGS AND 
HERBS ON CYTOCHROME P-450 METABOLISM AND P-GLYCOPROTEIN TRANSPORT 
331. Morten André Høydal:  CARDIAC DYSFUNCTION AND MAXIMAL OXYGEN UPTAKE 
MYOCARDIAL ADAPTATION TO ENDURANCE TRAINING 
2008 
332. Andreas Møllerløkken:  REDUCTION OF VASCULAR BUBBLES:  METHODS TO 
PREVENT THE ADVERSE EFFECTS OF DECOMPRESSION 
333. Anne Hege Aamodt:  COMORBIDITY OF HEADACHE AND MIGRAINE IN THE NORD-
TRØNDELAG HEALTH STUDY 1995-97 
334. Brage Høyem Amundsen:  MYOCARDIAL FUNCTION QUANTIFIED BY SPECKLE 
TRACKING AND TISSUE DOPPLER ECHOCARDIOGRAPHY – VALIDATION AND 
APPLICATION IN EXERCISE TESTING AND TRAINING 
335. Inger Anne Næss:  INCIDENCE, MORTALITY AND RISK FACTORS OF FIRST VENOUS 
THROMBOSIS IN A GENERAL POPULATION.  RESULTS FROM THE SECOND NORD-
TRØNDELAG HEALTH STUDY (HUNT2) 
336. Vegard Bugten:  EFFECTS OF POSTOPERATIVE MEASURES AFTER FUNCTIONAL 
ENDOSCOPIC SINUS  SURGERY 
337. Morten Bruvold:  MANGANESE AND WATER IN CARDIAC MAGNETIC RESONANCE 
IMAGING  
338. Miroslav Fris:  THE EFFECT OF SINGLE AND REPEATED ULTRAVIOLET RADIATION 
ON THE ANTERIOR SEGMENT OF THE RABBIT EYE 
339. Svein Arne Aase:  METHODS FOR IMPROVING QUALITY AND EFFICIENCY IN 
QUANTITATIVE ECHOCARDIOGRAPHY – ASPECTS OF USING HIGH FRAME RATE 
340. Roger Almvik:  ASSESSING THE RISK OF VIOLENCE:  DEVELOPMENT AND 
VALIDATION OF THE BRØSET VIOLENCE CHECKLIST 
341. Ottar Sundheim:  STRUCTURE-FUNCTION ANALYSIS OF HUMAN ENZYMES 
INITIATING NUCLEOBASE REPAIR IN DNA AND RNA 
342. Anne Mari Undheim:  SHORT AND LONG-TERM OUTCOME OF EMOTIONAL AND 
BEHAVIOURAL PROBLEMS IN YOUNG ADOLESCENTS WITH AND WITHOUT 
READING DIFFICULTIES 
343. Helge Garåsen:  THE TRONDHEIM MODEL.  IMPROVING THE PROFESSIONAL 
COMMUNICATION BETWEEN THE VARIOUS LEVELS OF HEALTH CARE SERVICES 
AND IMPLEMENTATION OF INTERMEDIATE CARE AT A COMMUNITY HOSPITAL 
COULD PROVIDE BETTER CARE FOR OLDER PATIENTS.  SHORT AND LONG TERM 
EFFECTS  
344. Olav A. Foss:  “THE ROTATION RATIOS METHOD”.  A METHOD TO DESCRIBE 
ALTERED SPATIAL ORIENTATION IN SEQUENTIAL RADIOGRAPHS FROM ONE 
PELVIS 
345. Bjørn Olav Åsvold:  THYROID FUNCTION AND CARDIOVASCULAR HEALTH 
346. Torun Margareta Melø: NEURONAL GLIAL INTERACTIONS IN EPILEPSY 
347. Irina Poliakova Eide:  FETAL GROWTH RESTRICTION AND PRE-ECLAMPSIA:   SOME 
CHARACTERISTICS OF FETO-MATERNAL INTERACTIONS IN DECIDUA BASALIS 
348. Torunn Askim:  RECOVERY AFTER STROKE.  ASSESSMENT AND TREATMENT;  WITH 
FOCUS ON MOTOR FUNCTION 
349. Ann Elisabeth Åsberg:  NEUTROPHIL ACTIVATION IN A ROLLER PUMP MODEL OF 
CARDIOPULMONARY BYPASS.  INFLUENCE ON BIOMATERIAL, PLATELETS AND 
COMPLEMENT 
350. Lars Hagen:  REGULATION OF DNA BASE EXCISION REPAIR BY PROTEIN 
INTERACTIONS AND POST TRANSLATIONAL MODIFICATIONS 
351. Sigrun Beate Kjøtrød:  POLYCYSTIC OVARY SYNDROME – METFORMIN TREATMENT 
IN ASSISTED REPRODUCTION 
352. Steven Keita Nishiyama:  PERSPECTIVES ON LIMB-VASCULAR HETEROGENEITY:  
IMPLICATIONS FOR HUMAN AGING, SEX, AND EXERCISE 
353. Sven Peter Näsholm:  ULTRASOUND BEAMS FOR ENHANCED IMAGE QUALITY 
354. Jon Ståle Ritland:  PRIMARY OPEN-ANGLE GLAUCOMA & EXFOLIATIVE GLAUCOMA. 
SURVIVAL, COMORBIDITY AND GENETICS 
355. Sigrid Botne Sando:  ALZHEIMER’S DISEASE IN CENTRAL NORWAY.  GENETIC AND 
EDUCATIONAL ASPECTS 
356. Parvinder Kaur: CELLULAR AND MOLECULAR MECHANISMS BEHIND 
METHYLMERCURY-INDUCED NEUROTOXICITY 
357. Ismail Cüneyt Güzey:  DOPAMINE AND SEROTONIN RECEPTOR AND TRANSPORTER 
GENE POLYMORPHISMS AND EXTRAPYRAMIDAL SYMPTOMS. STUDIES IN 
PARKINSON’S DISEASE AND IN PATIENTS TREATED WITH ANTIPSYCHOTIC OR 
ANTIDEPRESSANT DRUGS 
358. Brit Dybdahl:  EXTRA-CELLULAR INDUCIBLE HEAT-SHOCK PROTEIN 70 (Hsp70) – A 
ROLE IN THE INFLAMMATORY RESPONSE ? 
359. Kristoffer Haugarvoll:  IDENTIFYING GENETIC CAUSES OF PARKINSON’S DISEASE IN 
NORWAY 
360. Nadra Nilsen: TOLL-LIKE RECEPTOR 2 –EXPRESSION, REGULATION AND SIGNALING 
361. Johan Håkon Bjørngaard: PATIENT SATISFACTION WITH OUTPATIENT MENTAL 
HEALTH SERVICES – THE INFLUENCE OF ORGANIZATIONAL FACTORS. 
362. Kjetil Høydal : EFFECTS OF HIGH INTENSITY AEROBIC TRAINING IN HEALTHY 
SUBJECTS AND CORONARY ARTERY DISEASE PATIENTS; THE IMPORTANCE OF 
INTENSITY,, DURATION AND FREQUENCY OF TRAINING. 
363. Trine Karlsen: TRAINING IS MEDICINE: ENDURANCE AND STRENGTH TRAINING IN 
CORONARY ARTERY DISEASE AND HEALTH. 
364. Marte Thuen: MANGANASE-ENHANCED AND DIFFUSION TENSOR MR IMAGING OF 
THE NORMAL, INJURED AND REGENERATING RAT VISUAL PATHWAY 
365. Cathrine Broberg Vågbø:  DIRECT REPAIR OF ALKYLATION DAMAGE IN DNA AND 
RNA BY 2-OXOGLUTARATE- AND IRON-DEPENDENT DIOXYGENASES 
366. Arnt Erik Tjønna:  AEROBIC EXERCISE AND CARDIOVASCULAR RISK FACTORS IN 
OVERWEIGHT AND OBESE ADOLESCENTS AND ADULTS 
367. Marianne W. Furnes:  FEEDING BEHAVIOR AND BODY WEIGHT DEVELOPMENT:  
LESSONS FROM RATS  
368. Lene N. Johannessen:  FUNGAL PRODUCTS AND INFLAMMATORY RESPONSES IN 
HUMAN MONOCYTES AND EPITHELIAL CELLS  
369. Anja Bye:  GENE EXPRESSION PROFILING OF INHERITED AND ACQUIRED MAXIMAL 
OXYGEN UPTAKE – RELATIONS TO THE METABOLIC SYNDROME. 
370. Oluf Dimitri Røe:  MALIGNANT MESOTHELIOMA:  VIRUS, BIOMARKERS AND GENES.  
A TRANSLATIONAL APPROACH 
371. Ane Cecilie Dale:  DIABETES MELLITUS AND FATAL ISCHEMIC HEART DISEASE. 
ANALYSES FROM THE HUNT1 AND 2 STUDIES 
372. Jacob Christian Hølen:  PAIN ASSESSMENT IN PALLIATIVE CARE:  VALIDATION OF 
METHODS FOR SELF-REPORT AND BEHAVIOURAL ASSESSMENT 
373. Erming Tian:  THE GENETIC IMPACTS IN THE ONCOGENESIS OF MULTIPLE 
MYELOMA 
374. Ole Bosnes:  KLINISK UTPRØVING AV NORSKE VERSJONER AV NOEN SENTRALE 
TESTER PÅ KOGNITIV FUNKSJON 
375. Ola M. Rygh:  3D ULTRASOUND BASED NEURONAVIGATION IN NEUROSURGERY.  A 
CLINICAL EVALUATION 
376. Astrid Kamilla Stunes:  ADIPOKINES, PEROXISOME PROFILERATOR ACTIVATED 
RECEPTOR (PPAR) AGONISTS AND SEROTONIN.  COMMON REGULATORS OF BONE 
AND FAT METABOLISM 
377. Silje Engdal:  HERBAL REMEDIES USED BY NORWEGIAN CANCER PATIENTS AND 
THEIR ROLE IN HERB-DRUG INTERACTIONS 
378. Kristin Offerdal:  IMPROVED ULTRASOUND IMAGING OF THE FETUS AND ITS 
CONSEQUENCES FOR SEVERE AND LESS SEVERE ANOMALIES 
379. Øivind Rognmo:  HIGH-INTENSITY AEROBIC EXERCISE AND CARDIOVASCULAR 
HEALTH 
380. Jo-Åsmund Lund:  RADIOTHERAPY IN ANAL CARCINOMA AND PROSTATE CANCER 
 
2009 
 
381. Tore Grüner Bjåstad:  HIGH FRAME RATE ULTRASOUND IMAGING USING PARALLEL 
BEAMFORMING 
382. Erik Søndenaa:  INTELLECTUAL DISABILITIES IN THE CRIMINAL JUSTICE SYSTEM 
383. Berit Rostad:  SOCIAL INEQUALITIES IN WOMEN’S HEALTH, HUNT 1984-86 AND 
1995-97, THE NORD-TRØNDELAG HEALTH STUDY (HUNT) 
384. Jonas Crosby:  ULTRASOUND-BASED QUANTIFICATION OF MYOCARDIAL 
DEFORMATION AND ROTATION 
385. Erling Tronvik:  MIGRAINE, BLOOD PRESSURE AND THE RENIN-ANGIOTENSIN 
SYSTEM 
386. Tom Christensen:  BRINGING THE GP TO THE FOREFRONT OF EPR DEVELOPMENT 
387. Håkon Bergseng:  ASPECTS OF GROUP B STREPTOCOCCUS (GBS) DISEASE IN THE 
NEWBORN.  EPIDEMIOLOGY, CHARACTERISATION OF INVASIVE STRAINS AND 
EVALUATION OF INTRAPARTUM SCREENING  
388. Ronny Myhre: GENETIC STUDIES OF CANDIDATE TENE3S IN PARKINSON’S  
DISEASE 
389. Torbjørn Moe Eggebø:  ULTRASOUND AND LABOUR 
390. Eivind Wang:  TRAINING IS MEDICINE FOR PATIENTS WITH PERIPHERAL ARTERIAL 
DISEASE 
391. Thea Kristin Våtsveen: GENETIC ABERRATIONS IN MYELOMA CELLS 
392. Thomas Jozefiak:  QUALITY OF LIFE AND MENTAL HEALTH IN CHILDREN AND 
ADOLESCENTS:  CHILD AND PARENT PERSPECTIVES 
393. Jens Erik Slagsvold:  N-3 POLYUNSATURATED FATTY ACIDS IN HEALTH AND 
DISEASE – CLINICAL AND MOLECULAR ASPECTS 
394. Kristine Misund:  A STUDY OF THE TRANSCRIPTIONAL REPRESSOR ICER.  
REGULATORY NETWORKS IN GASTRIN-INDUCED GENE EXPRESSION 
395. Franco M. Impellizzeri:  HIGH-INTENSITY TRAINING IN FOOTBALL PLAYERS.  
EFFECTS ON PHYSICAL AND TECHNICAL PERFORMANCE 
396. Kari Hanne Gjeilo:  HEALTH-RELATED QUALITY OF LIFE AND CHRONIC PAIN IN 
PATIENTS UNDERGOING CARDIAC SURGERY 
397. Øyvind Hauso:  NEUROENDOCRINE ASPECTS OF PHYSIOLOGY AND DISEASE 
398. Ingvild Bjellmo Johnsen:  INTRACELLULAR SIGNALING MECHANISMS IN THE INNATE 
IMMUNE RESPONSE TO VIRAL INFECTIONS 
399. Linda Tømmerdal Roten:  GENETIC PREDISPOSITION FOR DEVELOPMENT OF 
PREEMCLAMPSIA – CANDIDATE GENE STUDIES IN THE HUNT (NORD-TRØNDELAG 
HEALTH STUDY) POPULATION 
400. Trude Teoline Nausthaug Rakvåg:  PHARMACOGENETICS OF MORPHINE IN CANCER 
PAIN 
401. Hanne Lehn:  MEMORY FUNCTIONS OF THE HUMAN MEDIAL TEMPORAL LOBE 
STUDIED WITH fMRI 
402. Randi Utne Holt:  ADHESION AND MIGRATION OF MYELOMA CELLS – IN VITRO 
STUDIES – 
403. Trygve Solstad: NEURAL REPRESENTATIONS OF EUCLIDEAN SPACE 
404. Unn-Merete Fagerli:  MULTIPLE MYELOMA CELLS AND CYTOKINES FROM THE 
BONE MARROW ENVIRONMENT; ASPECTS OF GROWTH REGULATION AND 
MIGRATION 
405. Sigrid Bjørnelv:  EATING– AND WEIGHT PROBLEMS IN ADOLESCENTS, THE YOUNG 
HUNT-STUDY 
406. Mari Hoff:  CORTICAL HAND BONE LOSS IN RHEUMATOID ARTHRITIS.  
EVALUATING DIGITAL X-RAY RADIOGRAMMETRY AS OUTCOME MEASURE OF 
DISEASE ACTIVITY, RESPONSE VARIABLE TO TREATMENT AND PREDICTOR OF 
BONE DAMAGE  
407. Siri Bjørgen:  AEROBIC HIGH INTENSITY INTERVAL TRAINING IS AN EFFECTIVE 
TREATMENT FOR PATIENTS WITH CHRONIC OBSTRUCTIVE PULMONARY DISEASE 
408. Susanne Lindqvist:  VISION AND BRAIN IN ADOLESCENTS WITH LOW BIRTH WEIGHT 
409. Torbjørn Hergum:  3D ULTRASOUND FOR QUANTITATIVE ECHOCARDIOGRAPHY 
410. Jørgen Urnes:  PATIENT EDUCATION IN GASTRO-OESOPHAGEAL REFLUX DISEASE. 
VALIDATION OF A DIGESTIVE SYMPTOMS AND IMPACT QUESTIONNAIRE AND A 
RANDOMISED CONTROLLED TRIAL OF PATIENT EDUCATION 
411. Elvar Eyjolfsson:  13C NMRS OF ANIMAL MODELS OF SCHIZOPHRENIA 
412. Marius Steiro Fimland: CHRONIC AND ACUTE NEURAL ADAPTATIONS TO STRENGTH 
TRAINING 
413. Øyvind Støren: RUNNING AND CYCLING ECONOMY IN ATHLETES; DETERMINING 
FACTORS, TRAINING INTERVENTIONS AND TESTING 
414. Håkon Hov:  HEPATOCYTE GROWTH FACTOR AND ITS RECEPTOR C-MET.  
AUTOCRINE GROWTH AND SIGNALING IN MULTIPLE MYELOMA CELLS 
415. Maria Radtke: ROLE OF AUTOIMMUNITY AND OVERSTIMULATION FOR BETA-CELL 
DEFICIENCY. EPIDEMIOLOGICAL AND THERAPEUTIC PERSPECTIVES 
416. Liv Bente Romundstad:  ASSISTED FERTILIZATION IN NORWAY:  SAFETY OF THE 
REPRODUCTIVE TECHNOLOGY 
417. Erik Magnus Berntsen: PREOPERATIV PLANNING AND FUNCTIONAL 
NEURONAVIGATION – WITH FUNCTIONAL MRI AND DIFFUSION TENSOR 
TRACTOGRAPHY IN PATIENTS WITH BRAIN LESIONS 
 
 
     
 
 
 
 
 

